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LECTURE  V. 

Of  the  equilibrium  and  Motion  of  Flu¬ 
ids  in  general.  Of  the  Rise  of  Fluids 
in  Reservoirs  and  Pipes  of  Conduit. 
Of  the  Running  of  Rivers.  Of  the 
Origin  of  Fountains  ^WSprings.  Of 
Perennial,  Intermitting  and  Re¬ 
ciprocating  Springs.  The  Nature  of 
the  Recurved  Syphon  and  Tantalus- 
Cup.  "The  Theory  of  Jet  d’eau’s  their 
Adjutages,  Pipes,  &c.  Theorems 
of  the  Velocities,  Momenta,  Dis¬ 
tances,  &c.  Of  Spouting  Fluids. 
Various  Calculations  relating  to  the 
Motion  of  Fluids  through  Pipes  applied  to 
the  Animal  Oeconomy,  Cataracts, 
&c.  Of  the  Properties  and  TJfe  of  the 
Crane  or  Syphon.  The  whole  Theory 
of  Pump-Work  at  large.  Floe  Nature 
of  the  Common  Pump  explain'd.  Fhe 
Structure  of  a  New  Pump  without  Fric¬ 
tion.  j the  Nature  and  ufe  of  a  Mercu¬ 
rial-Pump,  working  with  Quicksilver 
inflead  of  a  Piston,  explain'd.  Archi¬ 
medes’s  Screw  explain'd .  Fhe  Na- 
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ture  and  Structure  of  Nf.wsham’s  Wa¬ 
ter-Engine,  of  Newcomen’s  Fire- 
Engine,  Savery’s  Fire-Engine,  and 
Paine’s  Improvement  c/Fi  re-Engines 
explain'd.  Of  the  f£oL ipile .  The  The¬ 
ory  of  the  Tides  at  large  explained. 

BY  HYDRAULICS  we  are  to 
underftand  the  Science  of  the  Mo¬ 
tion  of  Fluids,  and  the  Conftruflion 
of  all  Kinds  of  Inftruments  and  Machines 
relating  thereto;  alfo  the  Nature  of  Springs, 
the  Theory  of  the  Tides,  &c.  are  ufually 
explain’d  under  this  Head. 

The  Motion  of  Fluids ,  viz.  their  Defcent 
or  Rife  below  or  above  the  common  Sur¬ 
face  or  Level  of  the  Source  or  Fountain  is 
caufed  either  (i.)  By  the  natural  Gravity 
or  Preffure  of  the  Fluid  contained  in  the 
Refervoir  or  Fountain;  or  (2.)  By  the 
Preffure  or  Weight  of  the  Air  on  the  Sur¬ 
face  of  the  Fluid  in  the  ffefervoir,  when 
it  is  at  the  fame  time  either  taken  off,  or 
diminifhed,  on  fome  Part  in  Aquedudls, 
or  Pipes  of  Conduit.  (3.)  By  the  Spring 
or  elaftic  Power  of  comprelfed  or  con- 
denfed  Air,  as  in  the  common  Water-En¬ 
gine.  (4.)  By  the  Force  or  Preffure  of 
Piftons,  as  in  all  Kinds  of  forcing  Pumps, 

&c. 
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(5.)  By  the  Power  of  Attraction,  as 
in  the  Cafe  of  Tides,  &c.  Of  all  which 
in  Order. 

I.  The  moll  natural  Motion  of  Fluids 
is  that  aiding  from  the  Force  of  their  own 
Gravity,  by  which  thofe  Parts  which  fraud 
higheft  prefs  upon  others  below  them,  till 
by  that  means  they  rife  to  the  fame  hori¬ 
zontal  Level.  Thus  Water  in  a  Fountain 
A  B  C  D  by  its  Prelfure  raifes  that  in  the 
Aquedud  F  G  H  to  the  fame  Height  I  K  P!>  XV. 
L  M,  in  every  Diredion  or  Pofition  of  the  Fig.  s- 
Du6l  G II  orGNj  unlefs  the  Oritice  of 
the  faid  Dud  be  below  that  Level,  in  which 
Cafe  the  Water  will  continually  flow  from 
the  fame.  The  Reafon  hereof  is  evident 
from  the  Principles  of  Hydrofatics,  where 
it  was  fhewn,  that  the  P rejfure  op  Fluids  was 
in  Proportion  to  the  Altitude  only,  and  not  ac¬ 
cording  to  the  Quantity  thereoj  j  and  therefore 
the  Effed  or  Rife  of  the  Fluid  in  the  Dud 
mult  be  equal  thereto.  Or  thus ;  The  V do- 
city  op  the  Fluid  in  the  Fudt  at  L,  is  lo  that, 
in  the  Fountain  at  I  K,  as  the  Quantity  of 
the  Fluid  in  the  Fountain  is  to  that  in  the 
Fuel  in  given  Altitudes ;  whence  (from  the 
Principles  of  Mechanics)  the  Momentum  of 
the  Fluid  in  each  will  be  equal,  and  con- 
B  2  feauently 
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fequently  an  Equilibrium  will  enfue  at 
equal  Altitudes  K  and  L  in  both.  (LXIX.)  . 

(LXIX.)  i.  Since  the  Particles  of  Fluids  ate  to  be 
confider’d  as  fmall  tolid  Bodies,  they  mult  obferve'the 
fame ’Laws  of  Motion,  and  have  their  Momenta  deter¬ 
mined  in  the  fame  Manner,  as  Bodies  of  larger  Mag¬ 
nitude  ;  that  is,  by  the  MaJJ'es  or  Quantities  of  Matter 
drawn  into  their  V elocities. 

PI.  XV.  2*  Now  ’tis  evident  the  Velocities  of  the  Fluid  in 
the  Refervoir  AD,  and  in  the  Dud  S  L,  npuft  be  as 
the  Quantities  of  Matter,  or  of  the  fluid,  contain’d  in 
equal  Altitudes  in  each  inverfely  ;  that  is,  as  the  Cylin¬ 
der  T  V  W  L  to  the  Cylinder  I  C  D  K.  For  when  all 
the  Fluid  .in  the  Cylinder  I  C  D  K  is  pafs’d  into  the 
Tube  S  H,  it  will  fill  a  Space  above  V  W  in  that  Tube, 
or  make  a  Cylinder  equal  to  the  former.  Now  fince 
all  Cylinders  are  as  their  Bafes  and  Altitudes  jointly ;  - 
if  B  be  the  Bafe,  and  H  =  the  Height  or  Altitude  cf 
the  Cylinder  I  C  D  K  ;  and  b ,  h ,  the  Bafe  and  Altitude 
of  the  equal  Cylinder  in  the  Tube  above  V  W ;  then 
becaufe  B  X  H  =  b  X  h,  we  have  H  ;  h  ::  b  :  B,  but 
the  Altitudes  H  and  h  are  the  Spaces  pafs’d  thro’  in  the 
fame  Time,  and  will  therefore  reprefent  the  Velocities 
of  the  moving  Fluid  ;  but  b  is  to  B  as  the  Cylinder 
T  W  to  the  Cylinder  1  D  ;  (for  Cylinders  of  equal  Al¬ 
titudes  arenas  their  Bafes)  therefore  H  :  h  ::  7'  W  :  I  D. 
Or  the  Velocities  are  as  the  Quantities  of  the  Fluid 
contain’d  under  equal  Altitudes  inverfely. 

3.  Or  it  may  be  otherwife  eafy  to  underftand  that  the 
Water  can  rife  no  higher  in  the  Tube  S  H  than  in  the 
Relervoir  AD,  becaufe  (fuppofing  the  Duct  every  where 
of  an  equal  Bignefs,  and  therefore  E  Q_—  T  L)  ’tis 
plain,  if  we  continue  F  E  to  O,  aiTd  R  Q_to  P  ;  that 
then  only  that  cylindric  Body  of  the  Fluid  in  the  Refer¬ 
voir  which  Hands  over  the  Orifice  of  the  Du<5t  E  Q_, 
that  is,  only  the  Cylinder  of  Water  O  E  QJP  can  affetit 
or  prefs  upon  the  Water  in  the  Du£t;  for  all  the  Fluid 
(befides  this  Cylinder)  Hands  over,  and  therefore  prefl'es 
upon  the  Bottom  of  the  Refervoir,  as  C  E  and  QD, 

Hence 
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Hence  we  have  Conduits  often  fupplied 
with  Water  from  Springs  which  lie  above 
them  ;  and  Cocks  to  fupply  the  Inhabitants 
of  a  Town  with  Water  by  Pipes  of  Con¬ 
duct  proceeding  from  a  Refer  voir  in  a  Si- 

and  fo  by  equal  Re-atticm  has  all  its  Force  deflroy’d. 
The  Water  therefore  will  defcend  through  the  Orifice 
E  Q  ,  till  by  its  Preflure  it  has  raifed  *a  Quantity  in  the 
other  Leg  S  H  equal  to  the  Cylinders  O  Q_+  QjT  and 
therefore  to  an  equal  Height ;  and  thus  the  Preflure 
at  F  R  and  S  G  being  equal,  there  muft  be  an  Equi¬ 
librium.  T  . 

4.  That  it  ought  to  rife  to  the  fame  horizontal  Level 
M  Z  in  the  inclined  Tube  SN,  whether  that  Tube  be 
lefs,  having  an  elliptic  Safe  whofe  longeft  Diameter 
is  S  X  ;  or  whether  it  be  equal  to  the  1  ube  S  H,  as 
having-  the  fame  Bafe  ;  or,  laftly,  if  it  be  greater,  as 
having. a  circular  Bale  on  the  Diameter  SG  ;  1  fay,  that 
in  every  Cafe  it  ought  to  rile  to  the  fame  Level  Z  M  is 
evident,  becaufe  there  can  be  no  Equilibrium  till  the 
Preflure  of  the  Fluid  in  each  Tube,  or  on  each  Side 
the  Bafe  S  X,  orSG,  be  equal  ;  that  fo,  being  con¬ 
trary,  they  may  deftroy  each  other.  But  there  cantile¬ 
ver  be  an  equal  Preflure  on  each. Side  the  cothmon  Bafe, 
unlefs  there  be  an  equal  perpendicular  Altitude  of  the 
prefling  Fluid  on  each  Side,  becaufe  (as  we  have  {hewn, 
Annot.  L1V. )  the  Preflu  re  of  Fluids  on  any  given  Area 
or  Bafe  is  ever  proportional  to  the  Altitude  of  the  Fluid, 

and  that  only.  . 

5.  Hence  it  appears,  that  an  Inftrument  like  this  in 
the  Figure  may  ferve  very  well  to  take  a  Level  for  a 
fmall  Diftance,  or  to  draw  a  Line  truly  horizontal ;  for 
the  two  Points  I  and  JV1  will  always  be  in  a  true  hori¬ 
zontal  Level  or  Line.  But  for  this  Purpofe  the  Tube 
S  G  fhould  be  at  lead  *  of  an  Inch  Diameter,  to  avoid 
the  riling  of  the  Fluid  by  Attraction ;  it  fhould  al  o 
jpove  very  nicely  by  a  Joint  fixed  on  to  the  Pait  F  S. 

B  3  tuaticn 
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tuation  above  the  higheft  Part  of  the  Town 
(LXX.J 

'P!  XVI.  (LXX.)  i.  Let  ACDB  be  a  Refervoir  with  a 
big.  8.  Du£t  or  Conduit-Fipe  F  K  L,  and  at  L  turn’d  off  from 
the  Perpendicular  to  give  the  Water  by  a  Stop-Cock  in¬ 
to  a  Ciftern  for  the  Ufe  of  a  Family.  It  is  plain  the 
Water  will  iftue  out  from  L  with  the  fame  Force  as  it 
would  be  made  to  rife  to  the  Height  L  O,  were  the 
Tube  or  Pipe  continued  upright  to  O  ;  for  on  one 
Side  the  common  Bafe  K,  the  Prefiure  (when  the  Cock 
is  ftiut)  is  proportional  to  the  Altitude  E  K,  but  on  the 
other  it  is  only  L  K  ;  the  Difference  therefore,  E  I 
LO,  is  the  Force  of  Prefiure  by  which  the  Water  is 
protruded  from  the  Cock  at  L.  In  the  fame  Manner 
it  is  fhewn,  that  the  Force  by  which  it  is  made  to  fpout 
from  the  Cocks  at  M  and  N  is  proportional  to  the  Al¬ 
titudes  H  E  and  G  E,  or  M  O  and  N  O,  of  the  Fluid 
in  the  Refervoir  above  them. 

2.  'I  he  Running  of  Rivers  is  upon  the  fame  Principle 
as  the  Delcent  of  Bodies  on  inclined  Planes;  for  Wa¬ 
ter  no  more  than  a  Solid  can  move  on  an  horizontal 
Plane,  the  Re-a£lion  of  luch  a  Plane  being  equal  and 
contrary  to  Gravity  entirely  deftrovs  it,  and  leaves  the 
Body  at  reft  ;  here  we  fpeak  of  a  Plane  of  fmall  Ex¬ 
tent,  and  fuch  as  coincides  with  the  curved  Surface  of 
the  Earth.  But  if  we  confider  a  large  Extent  or  long 
Courfe  of  Water,  then  we  fliall  find  that  fuch  Water 
can  never  be  at  Reft,  but  when  the  Bottom  of  the  Chan¬ 
nel  coincides  every  where  with  the  curved  Surface  of 
the  Earth. 

Fig  9.  3*  f-et  AD  F  be  the  curved  Surfiice'of  the  Earth,  C 

its  Centre,  CD,  CE  two  right  Eine-s  drawn  from. 
tr.cn.ee,  and  E  G  a  Tangent  to  the  Earth  in  the  Point 
D.  i  hen  ’tis  plain  if  B  D  w’ere  a  Channel  of  Wa¬ 
ter,  the  Water  could  not  run,  or  move,  becaufe  they 
are  every  where  at  an  equal  Difiance  from  the  Centre 
C,  and  therefore  equally  afFefted  b)  Gravity.  But  if 
there  be  any  Place  above  the  Surface  of  the  Earth  as  E, 
vv here  Water  can  be  found,  ’tis  evident  that  Water 

Hence 
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Hence  alfo  the  Defcent  of  Water  in 
Rivers,  Streams,  and  Canals,  from  Springs 


can  defcend  in  a  Channel  to  any  Part  of  the  Earth’s 
Surface  between  B  and  D,  becaufe  every  Point  in  the 
Line  ED  is  nearer  to  the  Centre  of  the  Earth,  and 
therefore  below  the  Point  or  Place  E  ;  and  its  Velocity 
will  be  fo  much  the  greater  as  it  tends  to  a  Point  nearer 
B,  and  floweft  of  all,  when  it  moves  in  the  Direftion 
of  the  Tangent  E  D. 

4.  Hence  it  appears  that  the  Source  E  of  all  Rivers 
and  Streams  muff  be  more  than  a  Semi-diameter  of  the 
Earth  C  B  diftant  from  the  Centre  C.  And  fince  all 
great  Rivers  run  to  the  Sea  or  Ocean  where  they  dif- 
embogue  their  Waters  at  the  Point  D,  the  Line  D  C 
is  a  Semi-diameter,  and  =  4000  Miles  nearly.  Alfo 
the  Courfe  of  all  long  Rivers  being  in  the  Direction 
of  the  Tangent  at  the  Point  D,  if  they  were  reprefented 
by  the  Tangent-Line  EB,  then  the  Height  of  the 
Source  E  above  the  common  Surface  of  the  Earth  at  B 
would  be  eafily  found.  Thus,  luppofe  ED  were  the 
River  Nigtr  in  Africa,  whofe  Source  is  more  than  3000 
Miles  from  the  Sea;  but  put  ED  =  3000,  and  fince 
CD  =  4000,  we  (hall  have  CE~  5000,  and  C  E  — 
CB  1 000  =  BE  —  the  Height  of  the  Source.  But 
fince  we  know  of  no  Mountains  above  three  or  four 
Miles  high,  it  is  plain  the  River  Niger,  and  all  fuch 
long  Rivers,  are  fo  far  from  moving  in  a  Tangent,  that 
thefr  Courfe  muft  be  very  nearly  of  the  fame  Curva¬ 
ture  with  the  Earth’s  Surface,  and  infenfibly  diftant 

from  it.  . 

5.  Since  Bodies  move  on  Planes  ever  fo  little  in¬ 
clined,  except  fo  far  as  they  are  prevented  by  Fricftion, 
and  fince  the  Friaion  of  the  Particles  of  Water  among 
themfelves  is  inconfiderable,  it  follows  that  the  Water 
fituated  on  a  Plane  ever  fo  little  inclined  will  commence 
a  Motion  ;  and  if  the  Plane  be  conliderably  inclined,  ' 
and  the  Quantity  of  Water  great,  its  Velocity  will  be 
proportional,  and  its  Momentum  fuch  as  will  foon  begin 
to  wear  away  the  Earth,  and  create  itfelf  a  Courfe  or 

B  4  and 


PI.  XVI 
Pig.  10. 


Hydraulics. 

and  Sources  above  the  common  Surface  of 
the  Earth}  and  the  Breaking  out  of  Springs 

Channel  to  glide  in.  In  Rivers  that  are  made,  it  is 
ufual  to  allow  the  Fail  of  one  Foot  in  300. 

6.  If  we  allow  the  fame  Declivity  to  Rivers  which 
make  their  own  Way,  then  we  find  their  Height  at  their 
Source  above  the  common  Surface  of  the  Sea,  as  in  Ex¬ 
ample  of  the  Niger  thus :  As  300  :  x  ::  5280  :  —  —  °  — 

300 

the  Height  at  one  Mile,  0x5280  Feet.  Then  agaiij 

f  52^°  5280  X  3000 

fay,  as  1  :  ~~~  ■■  3000  G - - - —  5280  X  10 

300  300 

10  Miles.  From  whence  it  is  evident,  that  the 
Continents  and  lflands  ought  to  be  much  above  the  Sur¬ 
face  of  the  Sea,  to  give  a  neceffary  Defcent  and  Courfe 
to  the  Waters  through  them. 

7.  !  et  A  BC  D  be  the  Sediion  of  a  Refervoir,  and 
B  Cl  K  the  Se&ion  of  a  Canal  of  Water  fupplied  from 
thence,  and  ABN  the  horizontal  Line.  Now  fince 
the  Particles  of  Water  are  governed  by  the  common 
Laws  of  Gravity,  the  Velocity  of  a  Particle  at  any 
Part  of  the  Bottom  of  the  Canal,  as  F  or  H,  will  be 
the  fame  as  it  would  acquire  by  falling  through  the  per¬ 
pendicular  Altitude  OF  or  L  H,  (by  Annotat.  XXVII 
-Art.  9.)  that  is,  as  \/  O  F  to  C  L  H  (by  Annotation 
XXVI.  Art.  4.)  Hence  the  Velocity  of  the  Stream  is 
accelerated. 

8.  For  the  fitme  Reafon  the  Velocity  of  a  Particle  at 
the  Bottom  of  the  Stream  H  is  to  the  Velocity  of  a 

Particle  at  the  Top  G,  as  v/  L  FI  to  v'  M  G  ;  confe- 
quently  the  Stream  moves  with  a  greater  Celerity  at  Bot¬ 
tom  than  at  Top. 

9.  i  he  Quantity  of  Water  which  pafles  through  the 
Sedtion  of  the  Stream  H  G  is  the  fame  that  pafTes 
through  the  Sedion  of  the  Refervoir  BC  in  the  fame 
1  ime.  Ti  e  fame  may  be  faid  of  any  other  Sedlion 
FE}  therefore  the  Quantity  of  Water’ paffing  by  any 

at 
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at  the  Bottoms  and  on  the  Sides  of  Hills, 
from  Citterns  and  Refervoirs  in  the  inter- 

two  Sections  of  the  Stream  F  E  and  G  H  in  the  fame 
Time  is  the  fame. 

10.  Since  there  runs  the  fame  Quantity  of  Water  by 
GH  as  by  F  E  in  the  fame  Time  ;  and  fincethe  Ve¬ 
locity  at  G  H  is  greater  than  at  F  E ;  and  laftly,  fince 
the  Breadth  of  the  Canal  is  fuppofed  to  be  every  where 
the  fame;  therefore  it  follows,  that  the  Depth  GH 
muft  be  lefs  than  the  Depth  F  E,  and  fo  the  Depth  of 
the  Stream  muft  continually  decreafe  as  it  runs. 

11.  As  the  Stream  proceeds,  the  Depth  HG  de- 
creafing,  the  Lines  M  G  and  L  H  will  approach  nearer 
to  an  Equality,  and  therefore  the  different  Velocities  of 
the  Water  at  Top  and  Bottom  will  approach  much 
fafter  to  an  Equality,  as  being  proportionate  to  the 
Square  Roots  of  thofe  Lines. 

12.  This  Approach  to  an  Equality  is  much  farther 
promoted  by  the  upper  Parts  being  continually  accele¬ 
rated  by  the  lower,  and  the  lower  Parts  retarded  con¬ 
tinually  by  the  flower  Motion  of  the  Waters  above, 
incumbent  and  prefling  upon  them. 

13.  Since  the  Difference  of  the  defending  Veloci¬ 
ties,  or  the  relative  Velocities,  are  greateft  near  the 
Beginning  or  Head  of  the  Stream,  the  Waters  will 
there  falWr  defcend  with  the  greateft  Impetuofity,  or 
caufe  the  loudeft  Noife. 

14.  In  the  Courfe  of  Rivers,  the  accelerated  Velo¬ 
city  is  quickly  reduced  to  an  equable  or  uniform  \  elo- 
city,  by  the  Refiftance  it  meets  with  from  the  Bottom 
and  Sides  of  the  Channel,  which  Refiftance  will  be  as 
the  Squares  of  the  Velocities,  and  therefore  foon  be¬ 
come  fo  great  as  to  equal  the  accelerating  Force,  and 
be  communicated  to  the  middle  Parts  ot  the  Stream, 
caufing  the  Whole  to  move  uniformly. 

15.  Hence  in  Rivers  the  Motion  of  the  W^ater  is 
flowed  at  the  Sides  and  Bottom  of  the  Channel,  be- 
caufe  there  the  Refiftance  begins,  and  is  communicated 
to  all  other  Parts. 
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nal  Parts  above  them,  which  receive  their 
Waters  from  Rain,  Dew,  condenfed  Vapours , 
melted  Snow ,  &c.  diftilling  or  percolated 
through  the  Pores  or  Crevifes  and  Chafms 
of  the  upper  Part  of  the  Earth  (LXXL) 

1 6.  In  different  Parts  of  the  fame  River  the  uniform 
Velocity  is  greateft  where  the’ Bottom  of  the  Channel 
has  the  greateft  inclination  or  Declivity,  becaul'e  the  re¬ 
lative  Gravity  of  the  moving  Particles  is  here  greateft. 

17.  In  thofe  Parts  of  the  River  where'  the  Velo¬ 
city  of  the  Stream  is  leaft,  the  Depth  of  the  Water  is 
the  greateft,  and  vice  verja  :  Becaufe  equal  Quantities 
pafs  through  unequal  Sedions  of  the  River  in  the  fame 
Time.  Hence  aifo  it  follows,  that  the  Momentum  of 
running  Water  muff:  be  every  where  the  fame,  or  a 
given  Quantity. 

(LXXI.)  r.  Various  have  been  the  Theories,  or  ra¬ 
ther  Hypothefes,  relating  to  the  Origin  of  Fountains, 
many  of  which  have  favour’d  fo  little  of  Philofophy, 
that  they  fcarce  deferve  to  be  mentioned  or, confuted. 
Thofe  who  pretend  to  derive  the  Waters  of  Springs 
from  the  W aters  of  the  Sea  by  fubterranean  Duds, 
feem  either  wholly  ignorant  of  the  hydroftatic  Laws 
of  Fluids,  or  refolved  to  maintain  a  ft  heory  by  meer 
dint  of  Hypothecs. 

2.  For  ht  E  C  A  F  be  a  Part  of  the  Earth’s  Surface 
PI.  XVI.  covered  with  Water  at  A;  fuppofe  A B C  a  fubterra- 
Fig.  1 1,  nean  Dud,  by  which  the  Waters  defeend  to  the  internal 
Parts  of  the  Earth  towards  B  ;  if  B  be  the  loweft  Point, 
or  that  neareft  the  Centre  of  the  Earth,  the  Wafer  will 
be  forced  to  rife  from  B  to  C  by  the  Preflure  of  the 
Water  in  the  Part  A  B.  But  when  the  Water  is  ar¬ 
rived  to  C  it  will  there  flop,  and  an  Equilibrium  will 
neceflarily  enfuc  (from  what  we  have  fhewn  in  A.notat. 
LXX.)  Confequently  no  Water  can  rile  above  C  to  the 
'l'op  of  .the  Mountain  D  by  the  Force  of  Preflure  ;  and 
we  can  fhew  no  other  Power  in  Nature  to  drive  it 
thither ;  and  therefore  ought  to  fuppofe  none. 
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By  the  Preflfure  of  the  Fluid  it  may 
eafily  be  convey’d  over  Valleys  and  Hills 

2.  They  who  advance  the  Capillaijy  Hypothecs,  or 
fuppofe  the  Waters  rife  from  the  Depths  of  the  Sea 
through  the  porous  Parts  of  the  Earth,  as  it  nfes  in 
Capillary  Tubes,  or  Tubes  of  Sand  or  Afhes,  feem 
not  to  confider  one  principal  Property  of  this  Kind  of 
Tube,  or  this  Sort  of  Attraction  ;  for  though  the  Wa¬ 
ter  rife  to  the  Top  of  the  Tube  or  Sand,  yet  will  it 
rife  no  higher,  becaufe  it  is  by  the  Attraction  of  the 
Parts  above  that  the  Fluid  rifes,  and  where  that  is 
wanting  it  can  rife  no  farther.  Therelore,  tho  the 
Waters  of  the  Sea  may  be  drawn  into  the  Subftance  of 
the  Earth  by  Attra&ion,  yet  can  it  never  be  raifed  by 
this  means  into  a  Cittern  or  Cavity  to  become  the  Source 
of  Fountains. 

4.  The  true  Principles  which  fupply  the  Waters  of 
Fountains  or  Springs,  are  undoubtedly  melted  Snow , 
Rain-TVater ,  and  condenfed  Vapours.  Several  have  at¬ 
tempted  to  folve  the  Phenomena  by  Snow  or  Rain  only; 
but  others  making  an  Eftimate  of  the  Quantity  of  Rain 
and  Snow,  that  falls  in  the  Space  of  a  Year,  to  fee  if 
it  would  be  equal  to  that  which  the  Rivers  difcharge 
annually  into  the  Sea,  found  that  it  was  much  fhort  of 
that  Quantity. 

5.  But  that  which  was  moft  extraordinary  was,  that 
they  found  by  their  Experiments,  that  the  Ram  and 
Snow  which  fell  in  one  Year  would  not  produce  more 
than  ?  of  what  was  raifed  in  Vapour;  for  by  Experi¬ 
ment  it  was  found,  that  the  Rain  and  Snow  that  fell  in 
a  cvlindric  Veffel,  raifed  a  Column  of  Water  about  19 
Inches  hig;h  ;  whereas  the  Water  raifed  in  Vapour  was 
yearly  about  32  Inches  in  Altitude.  This  great  De¬ 
ficiency  of  13  Inches  plainly  indicated  another  Way, 
by  which  the  vV  aters  circulated  from  and  to  the  Sea. 

}  6.  This  (among  many  other  Things)  was  left  to  the 
Difcovery  of  that  fagacious  NaturaliftDr.  Halley,  who 
being  on  the  Tops  of  the'  Mountains  in  the  Ifle  of  St. 
Helena  (in  South  Lat.  160)  making  his  Obfervations 

by 
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by  bended  Pipes  or  Syphons,  from  Ponds 
or  Refervoirs  in  a  higher  fituation;  which 

for  a  Catalogue  the  Southern  Stars,  (about  800  Yards 
above  the  Level  of  the  Sea,)  found  that  Quantity  of 
Vapour,  which  there  fell  in  Dew,  was  fo  great,  as 
very  much  impeded  his  Observations,  by  covering  his 
Glaffes  over  in  6  or  7  Minutes,  even  when  the  Sky  was 
clear. 

7.  Upon  this  he  was  induced  to  determine  by  Ex¬ 
periment,  the  Quantity  of  Vapours  railed  from  the  Sur¬ 
face  of  the  Sea,  as  far  as  it  arifes  from  Heat ;  for  other 
Caufes,  as  W  ind,  and  the  Warmth  of  common  Air, 
contribute  to  exhale  the  Water,  as  the  fame  Gentle¬ 
man  found  by  making  the  Experiment  in  a  clofeRoom, 
where  8  inches  Altitude  of  Water  was  exhaled  in  one 
Year  ;  and  tis  well  known  from  common  Obfervation, 
that  a  ftrong  Wind  will  carry  off  a  great  Quantity  of 
Vater  in  a  few  Hours  time,  as  in  the  late  January 
Storm  Several  (hallow  Ponds  had  all  their  Water  blown 
away  by  the  Wind  in  one  Day.  Alfo,  we  find  by  Ex¬ 
perience,  that  one  windy  Day  will  make  the  Ways 
dryer  after  Rain  than  3  or  4  Days  Sun-Ihine. 

S.  But  the  Dodtor’s  Defign  was  to  fee  what  Quantity 
was  evaporated  by  the  Heat  of  the  Sun  only.  For  this 
Purpofe  he  inftituted  the  Experiment  in  the  following 
Manner;  He  took  a  Vefiel  of  Water,  and  made  it  fait 
to  the  fame  Degree  with  Sea  Water,  by  means  of  the 
Hydrometer.  In  this  he  placed  a  Thermometer,  and 
by  a  Pan  ot  Coals  he  brought  the  Water  to  the  fame 
Degree  of  Heat  with  that  of  the  Air  in  the  hotted: 
Summer. 

9;  This  done,  he  affixed  the  Vefiel  of  Water,  with 
the  Thermometer  in  it,  to  the  End  of  a  Pair  of  Scales, 
and  nicely  counterpoifed  it  w[th  Weights  in  the  other; 
then  at  the  End  of  two  Hours  he  found  by  the  Altera¬ 
tion  made  in  the  Weight  of  the  Veil'd,  that  about  the 
60th  Part  of  an  Inch  of  the  Depth  of  the  Water  was 
gone  off  in  the  Vapour,  and  therefore  in  12  Hdurs,  one 
I  enth  of  an  Inch  would  have  been  evaporated.  Note% 
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the  Ancients  being  ignorant  of,  were  at 
vaft  Pains  and  Expence  very  often  to 
effeft.  Hence  the  running  of  Water 

1 2  Hours  only  are  here  allow’d  for  the  Time  of  Exha¬ 
lation,  that  being  the  Length  of  the  Day  at  a  Mean; 
and  in  the  Night,  as  much,  if  not  more  Water  returns 
by  Dew  than  is  exhaled. 

10.  Upon  this  Suppofttion,  every  io  fquare  Inches 
of  the  Surface  of  the  Water  yields  in  Vapour,  per  Diem , 
a  cubic  Inch  of  Water,  which  weighs  253'j-  Grains 
Trey,  therefore  every  fquare  Foot  will  yield  \  a  Pint 
Wine  Meafure;  every  Space  of  4  Feet  fquare,  a  Gallon; 
and  every  fquare  Mile  6914  Tons.  A  Degree  fquare 
(reckoning  69  Engltjh  Miles  to  a  Degree)  will  produce 
33  Million  of  Tonis;  and  if  the  Mediterranean  be  40 
Degrees  long,  and  4  broad  (the  narrow  Parts  com- 
penfating  foPthe  broader,  which  is  the  leaft  that  can 
be  fuppoied,  then  will  there  be  in  its  Surface  160  fquare 
Degree?-,  which  will  evaporate  per  Diem ,  5280  Mil¬ 
lions  of  Tons  in  the  Summer  Time. 

11.  The  Mediterranean  receives  Water  from  the 
following  nine  great  Rivers,  viz.  The  Iberus,  the  Rhone , 
the  Tyber ,  the  Po ,  the  Danube,'  the  Neifler,  the  Boriji- 
henet,  the  Tanais,  and  the  Nile-,  all  the  reft  being  of 
no  great  Note,  and  their  Water  inconfiderable.  Each 
of  thefe  nine  Rivers  (together  with  all  the  fmaller)  are 
fuppofed  to  bring  as  much  Water  to  the  Sea,  as  is  equal 
to  ten  Times  the  Water  of  the  Thames ,  at  leaft. 

12.  In  order  to  eftimate  the  Quantity  of  Water, 
which  pafles  daily  through  the  Thames,  the  Doctor 
aflumes  the  Breadth  of  the  River  at  Kingjtcn  Bridge 
(where  the  Flood  feldom  reaches)  to  be  1 00  Yards, 
and  the  Depth  3  ;  fo  that  the  Section  of  the  Channel  is 
300  fquare  Yards,  .jmd  allowing  the  Velocity  of  the 
Water  to  be  at  the  Rate  of  2  Miles  per  Hour  there 
will  run  in  24  Hours,  the  length  of  48  Miles,  or  84480 
Yards;  therefore  84480  X  300  —  25344000  cubic 
Yards,  which  make  20300000  I  ons  which  the  River 
Thames  yields  per  Diem. 

1  3.  Now  each  of  the  above  nine  Rivers  being  fup¬ 
pofed  to  bring  ten  times  as  much  as  the  Thames ,  will 

through 
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through  the  bended  Syphon  accounts  for  the 
odd  Phenomena  of  intermitting  and  reci- 

yield  203000C00,  or  203  Millions  of  Tons,  and  there¬ 
fore  all  the  nine  will  produce  1827  Millions  of  Tons ; 
which  is  but  little  more  than  j  of  the  Quantity  (5280 
Millions  of  Tons)  evaporated  every 'Day  from  the 
Sea.  The  *  nearly  of  this  prodigious  Quantity  of  Wa¬ 
ter,  the  Doflor  allows  to  Plains  which  fell  again  into 
the  Seas;  and  to  the  Rain  imbibed  by  the  low  Parts  of 
the  Earth,  and  fpent  in  Vegetation  in  general. 

14.  The  Quantity  of  Water  exhaufted  from  the  Me¬ 
diterranean,  being  fo  much  greater  than  what  is  return’d 
by  the  Rivers,  is  the  Occalion  of  the  Water’s  fetting 
in  from  the  Ocean,  to  fupply  the  Deficiency,  by  a  con¬ 
tinual  Influx  or  Stream,  which  before  this  Difcovery 
was  quite  unaccountable.  Alfo,  hence  it  appears,  why 
the  Cafpian  Sea,  tho’  it  receives  the  Waters  of  many 
large  Rivers,  is  yet  never  liable  to  overflow  ;  becaufe 
the  Waters,  brought  in  by  the  Rivers,  are  exhaufted 
by  the  Sun,  Wind,  &c.  Yea,  the  Difficulty  is  on  the 
other  Hand,  fince  the  Exhalation  is  fo  much  greater 
than  the  Supply  by  the  Rivers,  why  the  Sea  does  not 
appear  diminifhed,  or  its  Waters  continually  wafting  ? 
which  Thing  has  never  been  obferved. 

15.  The  prodigious  Quantity  of  Vapours  raifed  by 
the  Sun’s  Heat,  and  otherwife,  being  carried  by  the 
Winds  over  the  low  Lands  to  the  very  Ridges  of  Moun¬ 
tains,  as  the  Pyrenean,  the  Alps,  the  Appennine ,  the 
Carpathian ,  in  Europe ;  the  Taurus  Caucafus ,  Imaus  and 
others  in  Afia  ;  Atlas,  the  Montes  Luna ,  or  Mountains 
of  the  Moon,  with  other  unknown  Ridges  in  Africa ; 
I  fay,  the  Vapours  being  compelled  by  the  Stream  of 
Air  to  mount  up  with  it  to  the  Top  of  thofe  Moun¬ 
tains,  where  the  Air  becoming  too  light  to  luftain  them, 
and  condenfed  by  Cold,  they  precipitate  in  Water,  and 
gleet  down  by  the  Crannies  of  the  Stone  ;  and  Part  of 
the  Vapour  entering  into  the  Caverns  of  the  Hills,  the 
Waters  thereof  gather  as  in  an  Alembic ,  into  the  Bafons 
of  Stone  it  finds,  which  being  once  fill’d,  all  the  Over- 
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■procating  Springs ;  and  alfo  in  that  Inftru- 
ment  call’d  the  Tantalus-Cup.  The  Rife  of 

plus  of  Water  that  comes  thither,  runs  over  by  the 
loweft  Places,  and  breaking  out  by  the  Sides  of  the 
Hills,  forms  Tingle  Springs. 

1 6.  Many  of  thefe  Springs  running  down  by  the 
Vallies  between  the  Ridges  of  the  Hills,  and  coming 
to  unite,  form  little  Rivulets,  or  Brooks;  many  of 
thefe  again  meeting  in  one  common  Valley,  and  gam¬ 
ing  the  plain  Ground,  being  grown  lefs  rapid,  become  a 
River ,  and  many  of  thefe  being  united  in  one  common 
Channel,  make  fuch  enormous  Streams  as  the  Rhine ,  the 
Rhone ,  the  Danube ,  &c.  And  it  may  almoft  pafs  for 
a  Rule,  that  the  Magnitude  of  a  River,  or  the  Quan¬ 
tity  of  Water  it  difcharges,  is  proportional  to  the 
Length  and  Heights  of  the  Ridges  from  whence  the 
Fountains  arife. 

i  7.  This  beautiful  Account  of  the  Origin  of  Springs 
and  Rivers  has  been  received  with  univerfal  Applaufe 
and  Satisfaction  in  the  learned  World.  I  fhall  now  add 
a  Word  or  two  concerning  the  different  Sorts  of  Springs 
which  we  find  in  divers  Parts  of  the  Country.  But 
one  Thing  I  fhall  firft  remark,  and  that  is,  it  has  been 
afferted,  and  often  taken  for  granted,  that  there  are 
Springs  of  Water  upon  the  very  Tops ,  Summits ,  or  higheji 
Parts  of  Mountains ;  which  Pofition  is  contrary  to  the 
Hydraulic  Law  of  Fluids,  by  which  they  rife  to  the 
Level  of  the  Fluid  in  the  Refervoir,  but  no  higher 5 
and  not  only  that,  but  is  undoubtedly  falfe  in  Faff : 
For  I  have  myfelf  examined  moll  of  the  remarkable  Hills 
in  the  Wf,  South ,  and  Eaji  Parts  of  England ,  but 
could  never  difcover  any  fuch  Thing  ;  though  I  often 
found  them  on  the  Sides,  not  far  below  the  Tops, 
but  low  enough  to  account  for  their  being  there. 
And  Mr.  Cafivell  carefully  examined  the  Tops  of  the 
Mountains  in  Wales  (at  the  Defire  of  a  Friend)  and 
could  find  no  Spring  there.  I  fhall  therefore  conclude 
there  never  was,  nor  can  be  any  fuch  Thing  in  Na¬ 
ture. 


Water 
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Water  in  Wells  alfo  is  owing  to  the  Weight 
of  that  in  the  fubterranean  Citterns  from 

18.  The  feveral  Sorts  of  Springs  obferved  are  (i.) 
common  Springs,  which  either  run  continually,  and  then 
they  are  called  Perennial  Springs  ;  or  elfe  run  only  for 
a  Time,  or  at  certain  Times  of  the  Year,  and  then 
they  are  called  Temporary  Springs .  (2.)  Intermitting 
Springs,  or  fuch  as  flow  and  then  flop,  and  flow  and 
flop  ..gain,  by  regular  Alternations  or  Intermiflions. 
(3.)  Reciprocating  Springs ,  whofe  Waters  rife  and  fall, 
or  flow  and  ebb,  by  regular  Intervals,  or  Reciprocations 
the  Surface.  All  which  are  produced  after  the  follow¬ 
ing  Manner. 

Plate  Let  ^  B  C  D  E  reprefent  the  Declivity  of  a  Hill, 

XVII.  wb°fe  Section,  from  Top  to  Bottom  perpendicularly. 
Fig.  I.  is  fiiewn  in  the  figure  5  in  which  let  FGHbea  Ca- 
b*  '  vern  or  Bafon  near  the  Top  which  colle&s  the  Water 
glecting  through  the  Crannies,  and  has  a  drain  or  Duft 
leading  from  H  to  the  Side  of  the  Hill  at  B.  ’Tis 
evident  when  the  Water  rifes  to  the  Drain  H,  it  will 
defeend  through  it  to  B,  where  it  will  break  out  in 
Form  of  a  Fountain  or  Spring,  and  will  continue  thus, 
fo  long  as  the  Refervoir  is  fuppjied  with  Water  above 
the  Level  F  H,  and  after  that  it  will  become  dry.  Thus 
we  fee  a  Spring  may  be  generated  near  the  Top  of  the 
higheft:  Hills  or  Mountains.  Of  this  we  have  a  not¬ 
able  Inftance  near  the  Top  of  Landfdown  Hill  bv 
Bath.  1  y 

20.  There  is  one  odd  Ph&ncmenon  of  fuch  Springs 
that  is  fometimes  obferved,  and  that  is,  that  they  run 
in  dry  Weather ,  and  are  dry  in  wet  Weather ;  to  account 
for  which,  we  need  only  obferve,  that  while  the  Wea¬ 
ther  continues  wet,  the  Water-,  are  gathering  into  the 
Bafon  or  Refervoir,  till  there  is  a  fufficient  Quantity 
to  run  over  and  make  the  Spring  play,  by  that  Time 
the  Weather  is  altered  and  become  dry;  during  the  dry 
Weather,  the  Remains  of  the  lall  Rains  (for  thefe 
Springs  proceed  chiefly  from  Rain-Water)  are  conti¬ 
nually  feeding  the  Refervoir,  and  by  that  means  fup- 
plying  the  Spring,  but  by  the  Time  thefe  are  all  fpent, 

the 
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the  Weather  again  alters  to  wet,  and  the  Spring  ceafes 
Of  courfe,  till  it  meets  a  frefli  Supply  from  the  preced¬ 
ing  Rains,  arid  fo  on. 

20.  The  Intermitting  Springs  may  be  thus 
accounted  for  ;  Let  I  K  L  be  a  Cavity  in  the  IVIountain, 
to  which  at  I  there  is  a  feeding  Stream  that  brings  the 
Water  from  other  Parts,  and  at  K,  on  the  lower  Part, 
there  goes  a  Duft  R  k  C,  which  is  of  a  curved  or 
crooked  Form,  and  conveys  the  Water  to  the  Side  of 
the  Hill  at  C,  where  it  breaks  out  in  a  Spring.  Here 
’tis  evident,  that  as.  the  Water  rifes  in  the  Cavern,  it 
will  rife  in  the  Duft  at  the  fame  i  ime,  till  the  Surface 
of  the  Water  I  L  be  level  with  the  higheft  Part  k  of 
the  Duft,  after  which  the  Water  will  defcend  from  k 
to  C,  which  Point  C,  being  lower  than  the  Orifice  of 
the  Duft  K,  will  exhauft  the  Cavern  of  all  its  Water, 
and  then  the  Spring  will  ftop  till  the  feeding  Stream  I 
replemlhes  the  Ciftern  to  the  fame  Level  I  K,  and  then 
the  Fountain  will  play  again ;  this  fuppofes  the  Duft 
K.  C  to  carry  off  more  Water  than  the  other  at  I  brings 
to  the  Ciftern  ;  and  then  every  Thing  follows  from  the 
Nature  of  the  bended  Syphon  as  explained  in  the  next 
Annotation. 

21.  The  Reciprocating  Springs  are  occafioned 
after  'this  Manner.  Let  M  N  O  be  a  Cavity  fupplied 
by  a  feeding  Stream  PM,  and  alfo  by  a  Syphon  K  k  O, 
which  brings  Water  from  another  Cavity  above,  as 
IKL;  the  Duft  N  D  carries  the  Water  to  the  Side 
of  the  Hill  at  D,  and  there  makes  a  conftant  Spring, 
bv  Virtue  of  a  conftant  Supply  of  Water,  by  the  Drain 
p  M.  The  Water  at  D  will  alfo  flow  and  ebb  alter¬ 
nately,  for  when  the  Syphon  K  k  O  works,  the  Surface 
of  the  Water  M  O  will  be  fuddenly  raifed,  and  prefs 
upon  the  Water  at  N  with  a  greater  Force,  by  which 
Means  it  will  iffue  out  at  D  with  a  greater  Velocity, 
and  raife  the  Surface  if  confin’d ;  but  when  the  Syphon 
intermits,  or  ceafes,  the  Momentum  of  the  Water  at  D 
is  not  fo  great  as  before,  and  then  the  Spring  will  link 
or  decreafe. 

22.  In  like  Manner  we  account  for  the  rifing  of  Wa¬ 
ter  in  Wells.  1  hus  fuppofe  a  W ell  be  funk  at  the 
Foot  of  the  Hill  at  E,  to  fuch  a  Depth  EV,  as  will 
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bring  the  Diggers  to  an  Eruption  of  a  Spring  at  Vr 
whole  Water  is  brought  by  the  Du£l  R  V  (or  many  of 
them)  from  a  Cavity  Q_R  S  in  the  Hill,  (or  other- 
wife  from  a  Pond,  a  River,  the  Sea,  IPc  )  ’tis  evident 
the  Water  in  the  Well  will  rife  from  the  Bottom  V,  to 
an  Altitude  VI',  where  the  Surface  of  the  Water  at 
T  is  upon  a  Level  with  that  in  the  Refervoir  QJS,  and 
thus  conftitutes  a  Well. 

23.  If  thofe  Refervoirs  of  Water  in  the  Body  of 
Mountains  be  fituated  where  Mineral  Ores  abound,  or 
the  Dudis  or  feeding  Streams  rtyi  through  Mineral 
Earth,,  ’tis  eafy  to  conceive  the  Particles  of  Metal  will 
mix  with,  and  be  abforb’d  by  the  Water,  which  being 
faturated  therewith,  becomes  a  Mineral  Spr.ng  or  Well. 
If  Salt,  Sulphur,  Lime-ftone,  &c.  abounds  in  the  Stra¬ 
ta,  through  which  the  Water  pafles,  it  will  then  be  fa- 
line,  fulphureous,  Lime-Water,  &c.  if  Sulphur  and 
Iron  fhould  both  abound  in  the  Parts  of  the  Hill, 
whence  the  Waters  come,  the  Waters  will  partake  of 
the  Warmth  or  Heat,  which  is  occafioned  by  the  Mix¬ 
ture  of  two  fuch  Subftances  in  the  Earth,  where  they 
are  found  Now,  though  every  Thing  may  not  hap¬ 
pen  precifely  in  the  Manner,  as  here  reprefented,  yet 
that  it  is  in  fome  Way  analogous  to  it,  I  believe  no 
l'erfon  will  doubt,  vho  has  been  at  the  Peak  in  Der- 
byjbire ,  or  at  Wook  y-Hole  in  Somerfetjhire ,  and  feen  the 
w'onderful  Caverns,  Receptacles  and  Streams  of  Water, 
which  Nature  has  there  furnifhed  in  the  Bowels  of  th'e 
Mountains. 

SCHOU.D  M. 

24.  I  fee  but  one  Objection  which  can  be  made  to 
the  foregoing  noble  Theory  of  Dr.  Halley ,  and  that  is, 
that  a  Body  of  Water  heated  to  the  fame  Degree  with 
the  hottefi:  Summer  Air  will  certainly  evaporate  more 
from  a  given  Space  in  a  given  Time  than  the  deep 
Waters  of  the  Sea,  whofe  Surface  only  L  afFedted  by 
the  Heat  of  the  Summer  Air;  and  therefore  in  all  pro¬ 
bability  the  Doctor's  Quantity  of  W’ater  raifed  in  Va¬ 
pour  was  much  too  great.  To  which  I  anfwer,  (1.) 
The  Pavers  are  fuppofed  to  return  much  more  Waters 
to  the  Sea  than  they  really  do,  for  no  one  can  imagine 
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whence  they  are  fupplied  by  proper  Canals 
or  Springs  (LXXII ) 

there  can  be  qo  T lrnes  the  t  rd  ater  of-  the  £ i  brought 

to  the  Mediterranean  by  all  its  Rivers.  (?,.)  The  Doc¬ 
tor  accounts  for  Springs  by  the  Quantity  of  Vapour 
exhaled  by  the  Sun  alone,  whereas  if  we  abate  near 
half  this  Quantity,  and  take  in  what  is  raifed  by  the 
Wind  and  Agitations  of  the  Sea,  together  with  the  large 
Supplies  from  Rain,  Melted  Snow,  bt.  we  fhall  un¬ 
doubtedly  find  fufficient  Matter  for  the  Sources  of  all 
the  Rivers  and  Springs.  Q.)  As  the  Vapour  is  exhaled 
from  the  Surface  of  the  Water  only,  it  will  be  pro¬ 
portional  to  the  Heat  in  the  Surface  only,  which  mult 
be  nearly  the  fame  for  the  molt  Part  of  the  Day  with 
the  contiguous  Air,  and  therefore  the  Cafe  is  not  io 
widely  difFerent  from  the  Do£or’s  Experiment  as  might 
be  at  firft  imagined. 

(LXXII  )  i.  The  Nature  of  the  hen  led  Tube  or 
phM  (of  which  we  have  made  fo  much  Ule  in  the  pie-*- 
cedin'1.  Annotation )  will  eafily  appear  by  confidering  it  as 
follows.  A  B  C  D  is  a  Veffel,  into  which  is  inferted  at  pja’te 
the  Bottom  a  bended  Pipe  BGHIK  to  reprefent  the  XVHI. 
Syphon.  No  tv  if  Water  be  poured  into  the  Veffel,  it  2# 
will  as  it  rifes  in  the  Veffel  rife  alfo  into  the  Pipe  or 
Duft,  till  the  Water  in  the  Veffel  be  upon  a  Level  F  E 
with  the  upper  Part  G  of  the  curved  Tube  ;  what  more 
is  poured  in  after  this  will  run  over  the  Bend  at  G  down 
the  lower  Part  G  H  ;  and  from  the  lowed:  Point  H  it 
will,  by  the  fame  Principle  as  before,  be  forced  into 
the  rifing  Part  H  I,  where  at  the  Bend  I  it  will  again 
run  over,  and  defeend  through  the  Pait  I  i-.,  and  at  R. 
it  will  run  out,  as  being  lower  than  the  Level  of  the 

Bottom  of  the  Veffel  C  L,. 

2.  That  the  Pipe  muft  neccffarily  be  full  to  the  fame 
Altitude  every  where  as  the  Water  (lands  in  the  V  eiiel, 
by'  the  Preffure  of  that  in  the  Vefiel,  is  evident  from 
what  we  have  fhewn  in  Annotation  LXX.  And  fince  It 
can  rife  no  higher  in  the  Vefiel  than  in  the  Pipe,  and 
in  the  Pipe  it  can  rife  no  higher  than  the  bended  Parts 

C  2  Fro-m 
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From  the  Preflure  of  the  fuperior  Fluid 
we  have  the  Invention  of  a  Natural  Foun- 


G  or  I,  therefore  it  can  rife  no  higher  in  the  Veflel 
than  thofe  bended  Parts  of  the  Pipe.  Again,  becaufe 
the  Preflure  of  the  Air  upon  the  Water  at  F  E  in  the 
Veflel,  and  upon  the  Orifice  at  K  is  equal,  therefore  if 
the  Orifice  K  were  in  the  fame  Level  with  the  Bottom 
of  the  Veflel  CL,  the  Water,  having  the  fame  Alti¬ 
tude  E  B  and  M  L,  would  not  run  out  at  the  Orifice 
L,  but  remain  in  Equilbrio  with  that  in  the  Veflel. 

3.  But,  laftly,  fince  the  Orifice  K  is  below  the  Level, 
the  Water  at  K  will  have  a  greater  Altitude  M  K,  and 
therefore  a  greater  Preflure,  or  Momentum ,  and  fo  will 
prevail  againft  the  equal  Preflure  of  the  Air,  and  run 
out ;  and  will  continue  to  run  out,  till  all  the  Water 
in  the  Veflel  be  exhaufted,  becaufe  the  Preflure  of  the 
Air  upon  the  Surface  F  E  will  force  the  Water  into  the 
Pipe  to  prevent  a  Vacuum ,  which  muft  otherwife  hap¬ 
pen  in  fome  Part  thereof,  which  is  abfurd  or  contrary 
to  Nature. 

4.  For  fuppofe  the  Water  were  not  to  enter  at  B  as 
faft  as  it  runs  out  at  K,  there  mult  happen  a  Separation 
of  the  Water  in  fome  Part  of  the  Pipe,  as  at  I  for  In- 
flance ;  then  the  Water  running  out  at  K  will  caufe 
the  feparated  Part  to  delcend  from  I  towards  L,  and 
fince  nothing  can  get  into  the  Space  between  the  fepa¬ 
rated  Surfaces  of  Water  at  I  and  L,  all  that  Space  muft 
be  a  pure  Vacuum ,  and  therefore  the  Water  muft  be  at 
reft  in  the  Pipe  between  B  and  I,  though  the  Preflure 
of  the  whole  Atmofphere  acts  upon  the  Part  at  B,  and 
nothing  at  all  at  the  Part  I  to  refill:  or  counteract  it, 
which  is  contrary  to  the  Nature  or  Definition  of  a  Fluid, 
as  has  been  abundantly  Ihewn  in  Annot.  LIII.  and  all 
the  fubfequent  ones. 

5.  This  bended  Syphon  is  ufually  called  a  Tanta¬ 
lus,  from  the  Semblance  of  the  Experiment  made 
with  a  Man  in  a  Glafs  to  the  Cafe  of  Tantalus  in  the 
Fable,  who,  according  to  the  Poets,  was  fentenced  for 
his  horrid  and  unnatural  Crime  of  killing,  boiling,  and 

tain , 
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tain ,  which  playing  from  the  fmall  Orifice 
of  an  Adjutage  at  the  Bottom,  will  fpout 


fervingup  his  own  Son  at  a  Feaftof  the  Gods,  toftand 
in  a  River  of  Hell  up  to  his  Chin  in  Water,  which  yet 
he  is  not  permitted  to  ftp  to  quench  his  eternal  Thirft. 
Now  this  Tm  talus  is  the  Man  in  the  Glafs,  with  a  Sy¬ 
phon  concealed  in  his  Body,  beginning  in  the  Bottom 
of  one  of  his  Feet,  and  afcending  to  the  Upper  Part  of 
his  Breaft  ;  there  it  makes  a  Turn,  and  defcends  thro’ 
the  other  Leg  on  which  he  ftands,  and  from  thence 
down  through  the  Foot  of  the  Glafs,  where  it  runs 
out,  and  caufes  the  Water  to  fubfide  in  the  Glafs, 
as  foon  as  it  rifes  to  the  Height  of  the  Syphon,  or  to 
the  Chin  of  the  Man;  and  thus  aptly  exprefles  the 
Fable. 

6.  This  Syphon  may  very  eafily  be  concealed  alfo  in 
the  Handle  of  a  common  Pint  Pot  or  Cup,  and  then 
it  is  called  the  Tantalus-Cup:  For  the  Top  of  the 
Handle  being  a  little  below  the  Top  or  Rim  of  the 
Cup,  and  the  lowed:  Part  of  the  Handle  or  Siphon  be¬ 
low  the  Bottom  or  Orifice  by  which  it  communicates 
with  the  Cup,  will  caufe  the  Cup  to  have  the  Property 
of  emptying  itfelf  when  fill’d  to  the  Brim  ;  as  is  eafy 
to  underftand  from  what  has  been  faid  above. 

Scholium. 

7.  The  Nature  of  this  Syphon,  or  the  hydraulic  Law 
of  Fluids,  on  which  it  depends,  was  not  underffood  by 
the  Ancients  ;  for  though  we  read  furprifing  Accounts 
of  the  Romm  AquaeduiSis  and  Pipes,  by  which  they 
convey’d  Water  to  the  Diftance  fometimes  of  five  or 
fix  Miles,  yet  we  find  no  mention  made  of  any  other 
than  horizontal  and  defending  Pipes  or  Ducts,  and 
never  of  any  rifing  or  afcending.  If  the  Water  was  to 
be  convey’d  where  a  Valley  interpofed,  they  with  great 
Expence  and  Labour  conftrudted  a  Water-Courfe  over 
the  fame,  fupporting  it  with  vaft  Piles  and  Arches 
fometimes  from  the  Depth  of  an  100  Feet.  Whereas 
a  fingle  Pipe  laid  over  the  Vale  would  have  done  the 
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very  beautifully  nearly  to  the  Height  of 
the  Water  from  the  Fountain;  but  it  canrr 
not  quite  reach  that  Altitude,  by  reafon 
of  the  Air’s  Refinance  (LXX1II.) 

•\  Bufinefs  mod  effectually.  If  a  Mountain  interpofed, 
vve  find  they  would  fometimes  carry  their  AquaeduA 
through  the  very  Body  of  it  by  Dint  of  Labour,  which 
furely  could  not  have  been  their  Choice,  had  they 
known  that  a  Pipe  laid  over  the  Top  coming  from  a 
Refervoir  of  a  proper  Height  would  have  anfwered  the 
fame  End.  Such  Refervoirs  indeed  fuppofe  the  Ufe  of 
Pumps  to  raife  the  Water  into  them  ;  and  Pumps  they 
had  of  various  Kinds,  but  could  not  apply  them  for 
want  of  knowing  the  Theory,  h  hey  who  would  ac¬ 
quaint  themfelves  with  the  Magnificence  of  the  Ro 
mans  in  regard  to  their  Water-  Works  and  Aquaeduffs, 
may  confult  Fronlinus ,  and  others  who  have  wrote  on 
this  Subject. 

Plate  (LXXIII.)  i.  The  Theory  of  Natural  Fountains, 

XVIII.  or  Jet  d**Eaiis,  depends  on  the  following  Principles. 

5.  It  his  been  fihewn,  that  Water  coming  from  a  Refer¬ 
voir  ABCD,  through  the  Pipe  E  F  G  H,  will  rife 
from  the  loweft  Part  G  to  the  fame  Altitude  H,  in  the 
Part  G  H,  as  is  upon  a  Level  with  the  Surface  of  the 
Water  A  B  in  the  Refervoir  :  And  alfo  that  it  thus  role 
from  the  Point  G  by  a  Force  of  Preffure  proportional  to 
the  Altitude  of  the  Water  in  the  Refervoir,  which  is 
equal  to  the  Altitude  G  H.  Annot.  LXIX. 

2.  Now  I  prefume  ’tis  very  evident  that  the  Tube 
G  H  itfelf  can  contribute  nothing  towards  the  Water's 
rifing  in  it;  but,  on  the  contrary,  it  rather  impedes  the 
Afcent  by  the  Friction  it  occafions  to  the  Particles  , 
which  move  again!!  the  internal  Surface  thereof.  There¬ 
fore  if  the  Part  G  H  be  taken  away,  the  Water  would 
rife  to  the  fame  Height  H,  excepting  fo  far  as  it  is  ob- 
ftruAed  by  other  concurring  Incidents  ;  for  in  all  Foun¬ 
tains  the  Height  G  I  is  fomewhat  lefs  than  G  H,  the 
Height  in  the  Tube,  for  the  following  Rcafons. 

From  ■ 
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From  this  Preffure  of  Fluids,  as  the 
Caufe,  we  can  eftimate  the  various  Mo~ 

3.  Fir/?,  The  Air’s  Refinance  is  an  ObflruStion  to 
the  Jet,  and  diminifhes  its  Height;  and  fince  we  know 
that  the  Refiflance  of  Fluids  is  proportional  to  the 
Squares  of  the  Velocity,  ( Annot .  LXVI1I.  Art  4.) 
and  the  Deficiency  of  Height  H  I  is  proportional  to  the 
Refiflance  ;  therefore  a  jet  that  plays  with  a  double 
Velocity  will  have  that  Deficiency  four  Times  as  great; 
and  with  three  Times  the  Velocity,  nine  limes  as 
great;  and  fo  on. 

4.  7'he  fecond  Impediment  is  the  Fri&ion  againfl 
the  Sides  of  the  Hole,  and  the  Adjutage  at  G ;  and 
fince  this  is  in  proportion  to  the  Quantity  of  Surface  in 
the  Hole,  it  will  be  greater  in  a  fmall  Hole  than  a  large 
one,  in  refpedt  of  the  Body  of  the  Jet,  or  fpouting 
Water;  becaufe  the  Jet  will  increafe  in  Magnitude  with 
the  Square  of  the  Diameter  of  the  Hole,  whereas  the 
Refiflance  will  increafe  only  with  the  Diameter  fimply. 
Or  a  Hole  of  twice  the  Diameter  emits  four  Times  the 
Water,  and  gives  but  twice  the  Refiflance.  This  makes 
a  fmall  Jet  rife  to  a  lefs  Height  than  a  large  one,  from 
the  fame  Refervoir, 

5.  A  third  Impediment  arifes  from  hence,  that  fince 
all  the  Particles  let  out  from  G  with  an  equal  Velocity, 
and  this  Velocity  is  continually  diminifiring,  it  follows 
that  the  Velocity  of  the  inferior  Parts  is  greater  than 
the  Velocity  of  the  Parts  above  them,  and  therefore 
mufl  in  fome  Degree  ffrike  againfl  them  ;  by  this  Im- 
pulfe  (fince  Fluids  move  every  way)  the  Particles  will 
be  urged  fideways,  and  the  Column  of  the  Jet  be¬ 
come  wider,  and  confequently  fhorter  than  it  would 
otherwife  be. 

6.  The  fourth  Caufe  why  Jets  do  not  rife  to  the 
Height  of  the  Refervoirs,  is  becaufe  the  Water  upon  the 
Top  of  the  Jet  does  not  immediately  run  off,  but 
fpreading  into  a  Head,  lies  with  its  Weight  upon  the 
afcending  Water  below,  and  hinders  it  from  rifing  fo. 
high  as  it  would  do.  This  will  appear  by  inclining 
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me'nta  or  Forces  of  feveral  Jets  fpouting 
through  the  Sides  or  Bottoms  of  Veffels  at 

the  Jet  a  little,  that  the  upper  Water  may  not  bear  up¬ 
on  the  riling  Stream,  for  the  Jet  will  then  play  higher, 
but  be  lets  beautiful. 

7.  If  the  Hole  of  the  Adjutage  G  be  lefs  than  I  of  an 
Inch  in  Diameter,  the  Force  of  the  Attraction  of  Cor 
hefion  will  extend  itfelf  through  the  Body  of  the  Jet  at 
the  Hole,  and  greatly  obftruCt  its  Afcent;  hence  the 
Rife  of  Jets  in  Models,  for  Experiments  cannot  be  ex¬ 
pected  fo  high  as  others,  becaufe  of  the  very  fmall 
Holes  made  ufe  of  in  them.  Whence  all  Jets  of  larger 
Fountains  (fuch  as  are  in  Gentlemens  Gardens)  ought 
to  exceed  J  of  an  Inch  in  Diameter,  and  that  in  Pro¬ 
portion  to  the  Height  of  the  Refervoir,  as  will  be  (hewn 
hereafter. 

8.  It  the  ConduCt-Pipe  EFG  be  not  of  a  proper 
Size  to  fupply  Water,  as  fall  as  it  can  be  expended  at 
the  Adjutage  G,  the  Jet  will  likewife  be  checked,  and 
will  not  rife  to  the  full  Height.  To  afcertain  the 
Proportion  of  the  ConduCl-Pipe  to  the  Bore  of  the 
Adjutage,  is  the  Bufinefs  of  Experiments;  and  what 
has  refulted  from  thence,  in  regard  to  this  Matter,  will 
be  (hewn  in  a  Table  by  and  by. 

9.  And  one  Thing  more  is  necefiary  to  be  known, 
that  the  Jet  may  play  the  higheft  poflible,  viz.  that  the 
Part  of  the  ConduCt-Pipe  at  the  Adjutage  does  not 
turn  up  at  a  Right  Angle,  but  with  a  gentle  eafy 
Curve  ;  that  is,  not  as  at  G,  but  as  at  L,  where  the 
Jet  plays  to  a  greater  Height  at  K.  The  upright  Part 
at  G  direCtly  refifts  the  Water  coming  from  F,  where 
the  Curve  at  L  caufes  the  Impulfe  of  the  Water  againfl 
it  to  be  very  oblique;  and  therefore  a  lefs  Part  of  its 
Momentum  will  be  deftroyed,  and  confequently  the 
greater  remaining  Force  will  throw  the  Jet  the  higher, 

10.  From  what  has  been  faid  in  At.  4.  it  appears 
(tatcris  paribus)  the  Hole  in  the  Adjutage  ought  to  be 
made  in  a  thin  Plate  of  Brafs,  Quid  not  through  the 
Bore  of  a  Tube  of  any  Length,  becaufe  of  the  Quan- 

different 
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different  Depths  below  the  Surface:  For 
the  Momentum  of  Fluids,  as  well  as  lolid 

tltjr  of  Surface  in  fuch  an  Adjutage-Piece,  which  mu  ft 
greatly  retard  the  Jet,  and  diminifh  the  Height.  1  his 
is  a  Fault  which  mod  People  have  run  into  for  want  of 
an  experimental  Knowledge  of  this  Science,  h  or  the 
fake  of  Beauty  they  fcrew'on  fuch  a  conical  Piece  as  re- 
prefented  at  M,  of  an  Inch  in  length,  inftead  of  a 
Plate  of  Brafs,  whofe  Thicknefs  need  not  exceed  the 
40th  Part  of  an  Inch  for  very  large  Jets,  and  whofe 
Friction  will  therefore  be  40  Times  lefs. 

11.  If  the  Jet  be  play’d  from  G,  the  Velocity  with  P|ate 

which  it  fets  out  from  the  Adjutage,  will  be  as  ^  t  Q.  ,  X  V I  IT. 
and  throw  it  to  its  full  Height  G  C  at  once  ;  but  if  I  ig.  4. 
the  Pipe  defcends  below  F  G  to  H  I,  and  thence  re¬ 
turns  upwards  again  to  the  fame  Level  I  K,  and  the 
Jet  be  play’d  from  K,  the  Velocity  with  which  it  fets 
out  from  K  at  firft  will  not  be  the  fame  as  the  Velo- 
city  from  G,  that  is,  it  will  not  be  as  y  F  Q,  of 
V  Q_H  — d’H,  but  it  will  be  as  v'  Q_H — •  ^  F  H, 
which  is  lefs,  and  therefore  the  Height  at  firft  will  be 
only  K  L,  from  whence  by  Degrees  it  will  rife  to  M 
upon  the  fame  Level  with  C,  fo  that  its  laft  Height 
K  M  will  be  equal  to  the  Height  G  C  of  the  Jet 
from  G. 

12.  The  Truth  of  the  laft  Article  is  thus  demon- 
ftrated.  The  Water  in  the  Legs  Q_H  and  I  K  are  to 
be  confide! ’d  as  two  Non-elaftic  Bodies,  whofe  Mo¬ 
menta  (being  as  the  Preffure)  are  as  the  Altitudes  Q_H 
and  IK;  and  fince  both  the  Velocities  and  Quantities 
of  Matter  moved  in  a  given  Time,  are  as  the  Square 
Roots  of  the  Altitude  (as  will  be  fhewn  in  the  next  An- 

notation)  therefore  we  have  Q_H  =:  Q_H  X  \/ Q_H, 
and  I  K  =  v'TK  X  v'  I  K,  and  fince  the  Difference 
of  the  Momenta ,  divided  by  the  Sum  of  the  Bodies, 
gives  the  Velocity  after  the  Stroke  (Annotation 
XXIII.  Art.  4.)  which  we  will  call  *,  therefore 

Bodies, 
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Bodies,  is  compounded  of  the  Quantity  of  Mat¬ 
ter  and  Velocity  3  but  in  fpouting  Fluids, 

^"QJH  X  \/QjH  —  V~Yk  X  V~lK  _ _ _ 

- +  - -  =  *=S(ia 

■ — .  s/  I  K,  (becaufe  V  Q_H  X  V  Q^H  —  V  JK  X 

VlK  -  \/qTI  ++'TKX«'QH  —  v'TKi  which 
is  the  Velocity  of  the  Water  at  firft  fetting  out  from  K. 

13.  But  fince, Fluids  a£l  not  by  a  fingle  Impulfe,  as 
Solids  do,  but  conftantly;  the  Velocity  of  the  Water 
at  K  will  not  be  equable  at  firft,  but  accelerated  for 
fome  Time,  that  is,  till  all  the  Water  in  the  Leg  IK 
fhall  be  brought  to  move  with  the  fame  Velocity  with 
that  in  the  Leg  Q_H  when  it  comes  to  be  uniform  : 
For  as  the  Velocity  in  the  Leg  I  K  is  accelerated,  fo  by 
its  Re-a£iion  does  it  retard  the  Motion  or  diminifb  the 
Velocity  of  the  Water  in  the  Leg  QJH  ;  but  as  it  can¬ 
not  totally  deftroy  the  Motion  of  Q_H,  that  which  re¬ 
mains  muft  be  equable  or  uniform  ;  and  what  that  is 
will  eafily  appear  if  we  only  confider,  that  that  Part  of 
the  Motion  which  is  deftroy’d  in  CJH  by  the  Re-action 
of  the  Leg  I  K  muft  be  equal  to  its  own  Momentum, 
which  is  as  I  K  ;  (becaufe  Adhion  and  Re-aftion  are 
equal)  therefore  the  remaining  Momititum  of  Q_H  will 
be  Q_H  — •  1  K  =  Q_H  —  FH  ~  Q_F,  wherefore  the 
laft  Velocity  will  be  as  V  Q_F,  and  therefore  equal  to 
that  at  G,  and  fo  carry  the  Water  as  high  ;  that  is,  the 
Jet  will  rife  from  L  to  M,  as  high  as  from  G. 

14.  1  o  give  an  Example :  Suppofe  Q_II  —  25  Feet, 
F  H  =  I  K  =  9  ;  then  Q_F  ~  (Q_H  —  H  F  =)  1 6  ; 
therefore  the  firft  Velocity  will  be  to  the  laft  Velocity  as 

t7  Qjd  —  V'TK  :  \/  Q_  H  — "TIC  (=  y/~QJF  :: 

25  ■ —  x/  9—5  —  3  r:  2  :  V  25  . —  g  ~  V  1 6 

£=4.  Confequently  the  Height  of  the  Jet  K  L  is  to 
the  Height  at  laft  K  M,  as  2  to  4.  And  thus  you  car¬ 
ry  on  the  Calculation  for  any  Length  of  the  Leg  I  K 
yvhatfceyer. 

the 
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the  Quantity  of  the  Fluid  i filing  through  the 
fame  Hole  in  the  fame  Fime  is  always  as  the 
Celerity  of  its  Motion ,  as  is  eafy  to  concieve : 
Whence  the  Momenta  of  fpouting  Fluids  are 
proportional  to  the  Squares  of  the  V eloctties ,  or 
Quantities  of  Matter  i ffuing  out  in  a  given 

Fime :  But  fince  the  Momenta  are  the  Ef- 

.*  » 


15.  I  fhall  here  fubjoin  a  Table  of  the  Height  to 
which  Jets  wall  rife  in  Feet  and  decimal  Parts  from 
Refervoirs  of  an  Height  of  five  beet  to  150  reet. 


4-9 1 

6,84 
7-8 
8,7^ 
9,68 
xo,  62 

1 1,55 
12,48 
13,40 

H’31 

15,22 

10,13 

*7>°3 

17-93 

18,82 


Jet. 

>3 

Je  t. 

>3 

Jet. 

s 

Jet. 

£ 

Jet. 

2* 

20,58 

is 

34-93 

56 

48,^4 

73 

5o,7  1 

CO 

72-48 

u 

2I,4f 

1 C, 

35-74 

57 

48-99 

7s 

61,42 

91 

7  3  - 1 5 

2  4 

•2,3' 

u 

,6,55 

58 

49-74 

7 

2,13 

92 

73>8:' 

25 

23,2c 

i-2 

-7-35 

59 

5  °-49 

7( 

>2, 84 

93 

74-45 

20 

24,06 

43 

38,14 

60 

5  !-24 

77 

03-54 

94 

75,16 

*  1 

24-92 

45 

38-93 

61 

5i,99 

7 

-4,24 

95 

75,83 

28 

2S-7‘ 

+5 

39-7: 

62 

5  2>73 

79 

H-91 

96 

76,41 

29 

26,6'. 

F 

10-53 

63 

53,47 

8c 

U-(4 

9 

77-i  5 

3° 

27,48 

47 

M-3 1 

54 

54,20 

Si 

66,35 

9' 

77-8' 

31 

28,32 

48 

42-09 

S 

54-93 

81 

47,02 

99 

/8,47 

32 

29,16 

49 

2.87 

66 

55-6 

§3 

67>7 1 

IOC 

79-12 

33 

0. 

5r 

43,65 

7 

5b-39 

84 

8,4c 

l  IC 

85,58 

34  30,83 

>  ' 

44,42 

68 

57,12 

8c 

19-08 

!2C 

91,86 

35i3>’6 

52 

15-15 

6q 

57,84 

86 

’9-  1L 

DC 

97-99 

3<»32.47 

53 

15-96 

70 

58-56 

87 

o,47 

‘4 

103-97 

3  7 13  3- 

34 

46,7. 

7 1 

59,28 

8b 

71,14 

1 5C 

<07,87 

38134,1 1 

55 

47,48 

72 

60. 

89 

71,81 

16  By  various  Experiments  that  have  been  made  by 
Mr.  Mariolte,  Dr.  Dejaguliers,  and  others,  it  has  been 
found,  that  if  the  Refervoir  be  five  Feet  high,  a  Con- 
du£l:-Pipe  1  |  Inch  Diameter  will  admit  a  Hole  in  the 
Adjutage  from  ‘  of  an  Inch  to  f  of  an  Inch ;  and  lo 
on  as  in  the  following  Table : 

fe£t 
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feet  of  Preffure,  it  is  evident,  the  Velocity, 
or  Quantity  of  J pouting  Fluids,  is  ever  pro- 


Height  of 
Refervoir. 

5  Feet  — 


Diameter  of  the 
Adjutage . 


xo 

*5 

20 

25' 

3° 

40 

5°  ' 

6o  ■ 

8o  ■ 

ioo  ■ 


to  I 

4 


to  ~  Inch 
an  Inch  - 
an  Inch  - 
an  Inch  - 


4  to  |  of  an  Inch 
|  of  an  Inch  — 
|  of  an  Inch  — 
i  Inch  - - - 


Inch 


t  4  or  i  i  Inch. 


Diameter  of  the 
P ipes  of  Coiidudi. 

1  Inch. 

2  Inches. 

2  4  Inches. 

2  |  Inches. 

2  |  Inches. 

3  Inches,  or  3  4. 

4  4  Inches. 

5  Inches. 

5  4  Inches, 

6  4  Inches. 

7  or  8  Inches. 

17.  Here  the  Jet  is  fuppofed  to  be  within  100  or  150 
Feet  of  the  Refervoir;  but  if  the  Coodu<3-Pipe  much 
exceeds  this  Length,  it  mult  be  of  a  larger  Diameter 
than  what  is  here  affigned.  Thus  for  Jets  from  4  of 
an  Inch  to  thofe  of  an  Inch,  and  from  Refervoirs 
from  40  to  go  Feet  Height,  if  the  Diftance  be  from 

Yards  to  4  of  a  Mile,  the  Diameter  of  the  Pipe 
mould  be  of  6  Inches  ;  from  4  of  a  Mile  to  two  Miles, 
it  mull  be  of  7  Inches;  and  from  2  Miles  to  5,  it  mult 
be  of  8  Inches  Diameter  for  the  fame  Jets. 

18.  If  it  be  required  to  keep  any  Number  of  Jets 
playing,  whofe  Adjutages  are  given  in  Diameter,  by 
one  common  Condudt-Pipe,  we  mult  find  the  Diame¬ 
ter  of  an  Adjutage  equal  to  all  the  given  ones.  Thus 
if  there  be  four  Adjutages  of  -»  of  an  Inch  Diameter 
each,  then  the  Square  of  4  is  which  multiplied  by 
the  Number  of  Adjutages  4,  makes  44 ;  the  Square 
Root  of  which  is  1  4  ==  the  Diameter  of  the  Ad¬ 
jutage  equal  to  all  the  four  fmall  ones.  A  Pipe  of  Con-, 
duct  of  10  Inches  Diameter  will  fupply  all  the  Jets,  as 
being  a  little  more  than  fix  times  as  great  as  the  Dia¬ 
meter  of  the  one  large  Adjutage  now  found.  Afier 

portional 
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port  tonal  to  the  Square  Root  of  the  Freffuri 
or  Altitude  of  the  Fluid  (LXXIV.) 


this  Manner  the  Dimenfions  of  a  Condudt-Pipe  may 
be  found  for  any  other  Number  of  Adjutages. 

(LXXIV.)  To  reprefent  thefe  Propolitions  inSym- 
bols  may  render  them  more  perfpicuous,  and,  perhaps, 
more  elegant.  Therefore  let  Water  (pout  from  the 
Side  of  a  Veflel  at  two  different  Depths  B  and  E  from 
the  Surface  of  A  ;  the  Momentum  of  the  fpouting  Fluid 
will  be  as  the  Force  which  protrudes  it,  and  this  Force 
is  every  where  proportional  to  the  Altitude  of  the  Fluid, 
therefore  the  Momentum  of  the  W 2ter  at  B  and  E  will 
be  as  A  B,  and  A  E,  which  let  be  denoted  by  m  and  M. 
T  hen  let  t/and  V  be  the  Velocities  with  which  the  Wa¬ 
ter  fpouts  ;  and  q  and  Q_the  Quantities  of  Water  iflu- 
ing  out  in  the  fame  T ime  from  the  Adjutages  B  and  E, 
then  we  fhall  have  m  —  vq ,  and  M  —  V  Q.  And 

therefore  -  =  n,  and  —  =  V. 
q  Q_ 

2.  Now  the  Quantity  of  Water  fpouting  from  any 
Hole  in  a  given  Time  muff  neceffariiy  be  as  the  Velo¬ 
city  with  which  it  flows  ;  for  the  greater  the  Velocity, 
the  greater  will  be  the  Number  of  Particles  which  come 
to  the  fame  Point  in  the  fame  Time,  or  the  greater  will 
be  the  Quantity  of  Water  which  paffes  by  the  Orifice 
of  the  Adjutage,  as  is  very  eafy  to  conceive ;  therefore 

„  m  M  M  m 

q .  Qj:  v  :  V  ;  confequently  —  X  q  =  - 

1  Q_  Q.  q 

X  Q_;  or  M  q  q  —  m  Q_Q_;  wherefore  jn  :  M  ::  q  q  : 
Q_Q_  (::  vv:V  V,  as  is  evident  from  the  Proportiona¬ 
lity  of  the  Roots.)  Therefore  alfo  q  :  Qj:  v  :  V  :: 

\Z~7n  :  1/ M  ::  t/TB  :  /II 

3.  Hence  if  A  B  :  A  E  ::  1  :  4,  the  Velocity  at  E 
will  double  the  Velocity  at  B,  and  the  Quantity  of 
Water  which  flows  from  E  will  be  twice  as  great  as 
that  which  flows  from  B  in  one  Minute,  or  any  given 
I  ime.  If  A  E  be  equal  to  9  A  B,  the  Velocity  and 


s 
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Fr  Im  hence  it  appears,  that  the  Velocity 
cj  a  Fluid  fpouting  at  any  Depth  below  the 

Quantity  of  Water  will  be  three  times  greater  at  E  than 
at  B,  and  fo  on. 

4.  Hence  ’tis  very  evident  the  Velocity  of  a  Spouting 
Fluid,  and  that  of  an  heavy  Body,  which  it  acquires 
by  falling  from  the  Surface  of  the  Water  A  to  the  Ad¬ 
jutage  B  or  E  [ in  Vacuo )  will  be  both  the  fame,  as  be¬ 
ing  both  equal  to  /  AB  or  A  E.  See  Ann:t.  XX  IE 
Art.  4. 

5.  Hence  alfo,  if  A  B  D  E  be  a  Veflel  of  Water 
Vyhofe  Surface  is  A  B,  then  a  Parabola  D  C  E  defenbed 

Plate  on  the  Bottom  D  E  and  Height  of  the  Water  O  C,  will 
XVII 1  exprefs  by  its  Ordinates  a  c,  d  f,  gi ,  k  m,  E  D,  the  Velo- 

p-  '  cities  with  which  the  Water  will  fpout  from  the  Veflel 

0  through  Holes  G,  I,  L,  N,  D,  made  in  the  Side  upon 
a  Level  with  thofe  Ordinates  refpedlively  ;  becaufe  thefe 
Ordinates  are  as  the  Square  Roots  of  the  Abfciflle  C  b , 
Of,  C  by  &c.  that  is,  as  the  Square  Roots  of  the  Alti¬ 
tude  of  the  Fluid  above  the  Laid  Holes^ _ T.  hus  if  C  /  — 

4  C  b ,  then  a  c  :  k?n  ::  \V  C  b  :  C /  :  1  :  2  ::  Ve¬ 

locity  of  the  Water  fpouting  from  G  to  the  Velocity  of 
that  fpouting  from  N.  And  fo  in  every  other  Place. 

6.  Hence^  if  A  B  the  Axis  of  a  Parabola  be  equal 
PI  XVII  to  *  B  C  its  greateft  Semi  ordinate,  the  Point  B  will  be 
xO  .  the  Focus ,  and  BC  the  Semi-parameter  of  the  Parabola. 

’  Now  fince  Water,  or  any  heavy  Body,  falling  from 
the  Height  A  B,  or  Water  fpouting  at  the  Depth  A  B 
below  the  Surface,  will  acquire  at  B  a  Velocity  that  in 
an  uniform  IVIotion  will  carry  it  over  a  Space  equal  to 
2  AB  or  BC;  and  fince  in  one  Second  of  Time  a 
Body  falls  through  16  Feet;  therefore  if  we  divide 
A  B  into  16  equal  Parts,  and  BC  into  32,  and  Ordi¬ 
nates  be  drawn  through  every  Point  of  Divifion  in  the 
Axis  A  B,  and  Perpendiculars  to  the  fame  Point  BC, 
then  there  will  be  exhibited  at  one  View  the  uniform 
Velocities  acquired  by  the  feveral  F  alls  or  Jets  of  Water-, 
from  all  fleights  to  16  Feet. 

Surface » 
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Surface,  is  equal  to  the  Velocity  a  heavy  Body 
a would  acquire  by  Jailing  from  the  fame  Height ; 
becaufe  the  Velocity,  as  was  obferved,  is 
always  as  the  Square  Root  of  the  Space 
defeended  through.  If  therefore  on  the  Pi.  XV. 
Altitude  of  the  Fluid  A  K,  as  a  Diameter, FlS*  6* 
we  deferibe  the  Semicircle  A  F  K ;  and 
from  any  Point  therein,  as  I,  we  draw 
the  Perpendicular  IH,  that  (hall  be  pro- 

7.  Thefe  Velocities  are  exprefted  by*  the  refpefftive 
Ordinates,  and  their  Meafure  in  Feet  fhewn  by  the 
Perpendiculars  in  the  Scale  B  C  on  the  Bafe.  Thus, 
for  Example,  a  Fall  of  4  Feet  gives  an  uniform  Velo¬ 
city  of  1 6  Feet  per  Second  ;  a  hall  of  9  Feet  gives  24; 
and  fo  of  the  reft.  Alfo  the  Time  of  the  Falls,  beino; 
proportional  to  the  Ordinates,  might  have  been  ex- 
prefl'ed  by  another  Scale  of  60  Thirds  (equal  to  one 
Second)  in  the  Bafe  B  C  ;  but  to  avoid  Confufion,  I 
have  given  the  Scale  of  Time  upon  the  Curve  of  the 
Parabola :  So  that  any  Queftion  relating  to  the  ’Time , 

Velocity,  or  Height  of  a  Full  or  Jet  of  Water  lefs  than 
16  Feet,  rnay  be  readily  folved  by  Infpedfioti,  and 
that  to  an  Exacinefs  fufficient  for  the  niceft  Cafe  in 
Practice. 

8.  After  the  fame  Manner  may  a  Patabola  be  con- 
ftrufted  for  all  Heights  to  an  100  Feet,  but  that  I  leave 
to  the  Reader,  that  which  I  have  given  being  nearly 
fufficient  for  all  common  Occafions.  Such  a  Scale  has 
been  greatly  wanting  in  Books  of  this  Sort,  and  fuper- 
fedes  the  Neceffity  of  thofe  large  Tables  which  we  find 
in  fome  voluminous  Treatifes  of  Hydro/latics ;  as  thofe 
of  M.  Belidor ,  &c.  Note  alfo,  the  feveral  Ordinates 
of  this  Parabola  exprefs  the  Lengths  of  a  Cylinder  or 
Column  of  Water  ifiuing  from  an  Adjutage  at  any  of 
thofe  Depths  in  one  Second  of  Time,  as  being  propor¬ 
tional  to  the  Velocity  at  each  refpeAive  Place. 

portional 
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portional  to  the  Diftance  to  which  the 
Fluid  will  fpout  from  an  Adjutage  at  H: 
For  the  Velocity  will  be  as  the  Square  Root 
of  AH,  and  the  I’ime  as  the  Square  Root 
of  H  K  ;  whence  the  Product  of  thefe  two 
will  exprefs  both  the  Space  pafs’d  over  by 
the  projefted  Body,  and  alfo  the  Line  H  I, 
as  is  well  known  to  Geometricians. 

Hence  it  follows,  that  a  Fluid  will  fpout 
from  a  Hole  or  Adjutage  D  in  the  Centre  of 
the  Semicircle,  or  middle  Point  of  the  Altitude 
A  K,  to  the  greatejl  horizontal  Diftance  K  M 
poftible  becaufe  the  Perpendicular  F  D  is 
the  greateft  thaf  can  be  drawn  to  the  Di¬ 
ameter  A  K.  Alfo  ’tis  evident,  that  from 
two  Holes  B  and  I  I,  equally  diftant  above  and 
below  the  middle  Altitude  D,  the  Jets  of  TV a- 
ter  will  be  made  to  the  fame  horizontal  Dif¬ 
tance  K  N ;  becaufe  the  Perpendiculars  to 
thefe  two  Points,  viz.  C  B  and  I  H,  are 
equal. 

Moreover,  the  horizontal  Diftance 
KM,  to  which  the  Water  fpouts  from  D 
the  Centre,  is  equal  to  the  Diameter  or 
Altitude  A  K,  or  twice  D  F.  For  ftnce 
the  Velocity  of  the  Jet  atQ^is  equal  to 
that  acquired  by  falling  through  the  Height 
A  D,  or  D  K,  it  will,  as  being  uniform, 
carry  the  Fluid  in  an  horizontal  Diredlion 

over 
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over  twice  the  Space  D  K  or  D  F  in  the 
fame  Time :  And  therefore,  fmce  the  Dif- 
tances  of  Jets  from  D  and  B  are  as  D  F  to 
B  C,  and  the  Diftance  of  the  Jet  from  D 
is  equal  to  twice  D  F,  the  Diflance  of  the 
Jet  from  B  will  be  alfo  equal  to  twice  BC, 
or  K  N  =  2  B  C  (LXXV.) 

(LXXV.)  I.  The  Velocity  of  the  Fluid  fpouting 

from  B  we  have  {hewn  to  be  as  v'  A  B,  and  the  Time 
it  takes  in  going  to  the  horizontal  Line  will  be  as  Pb  XvL 

V  B  K,  becaufe  that  would  exprefsthe  Time  if  it  were  6. 
to  defcend  to  K  in  the  Perpendicular  B  K,  by  Annst. 

XXVI.  4.  And  though  it  goes  not  in  the  Perpendicu¬ 
lar,  but  is  proje&ed  from  B  with  an  Impetus  in  an  ho¬ 
rizontal  Direction,  it  will  not  by  that  means  be  any 
longer  arriving  to  the  horizontal  Line,  but  only  go  in  a 
different  Tract,  as  is  evident  from  what  has  been  faid 
in  Annotation  XXIV.  Therefore  the  l  ime  of  its  com¬ 
ing  to  the  Ground  at  N  will  be  as  \/  B  K,  that  is, 
as  the  Square  Root  of  the  Altitude  of  the  Spout  B  Iv. 

2.  Now  the  Spaces  which  fpouting  Fluids  pafs  over 
in  an  horizontal  Direction  muft  be  confider’d  as  uni¬ 
form,  becaufe  it  proceeds  from  a  fingle  Impulfe ;  for  a 
Particle  of  Water,  after  it  has  made  its  Exit  from  the 

,  Orifice  of  the  Adjutage,  is  no  more  affe&ed  by  the 
Preflure  or  Impulfe  of  the  confined  Water,  and  confe- 
quently  its  Velocity  in  the  Direction  B€  will  be  uni-  , 
form.  Butin  all  uniform  Motion  the  Spaces  defcribed  are 
as  the  Rectangle  under  the  Times  and  Celerities,  or  as 

V’ABXv'  B  K;  but  this  Reflangle  is  alfo  as  the 
Line  B  C. 

3.  For  let  there  be  drawn  A  C  and  C  K,  ’tis  evident 

the  Triangle  A  C  K  is  fimilar  to  the  Triangle  B  C  K,  PI.  XlX. 
becaufe  the  Angles  A  C  K  and  C  B  K  are  right,  and  Fig.  1. 

,  the  Angle  C  K  B  is  common  to  both  ;  therefore  A  C  : 

CK  ::  BC  :  B  K.  In  the  fame  Manner  we  fhew  the 
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I  Shall  only  obferve  farther  in  regard 
to  fpouting  Water,  that  the  Jet  will  go 
farther  through  the  bare  Hole  in  the  Vef- 

Triangle  ACK  is  fimilar  to  the  Triangle  ACB  ;  there¬ 
fore  alfo  AC  :  CK  ::  AB  :  B  C.  Confequently,  AB : 
BC  ::  BC  :  BK  ;  therefore  ABX  BK=:  BC*.  And  fo 
BCzrv/ABXBK  rzx/o  Xv/BK. 

4.  Now  becaufe  the  Space  the  Fluid  defcribes  ac¬ 
cording  to  the  Horizon,  and  the  Line  B  C,  are  both 
proportional  to  the  fame  Thing,  (r.  e.  to  \/ AB  X 
\/ BK)  therefore  they  mud  alfo  be  proportional  to  each 
other  ;  and  fo  the  horizontal  Diftance  of  any  Jet,  as  B, 
will  be  in  Proportion  to  the  Line  BC  ;  and  the  Jet 
from  D  will  be  proportional  to  the  Line  DF,andfoon. 

5.  If  now  D  be  taken  into  the  Centre  of  the  Circle 
AFK,  the  Velocity  at  D  would  fas  being  uniform) 
carry  it  through  twice  the  Space  A  D=:2D  F~D  P  in 
the  horizontal  Direction  or  Line  DP,  as  is  evident 
from  Annot.  XXVI.  7.  becaufe  the  Particles  of  a  Fluid 
obferve  the  fame  Laws  of  Motion  with  larger  Bodies. 
Confequently,  though  the  Fluid  goes  not  in  the  Direc¬ 
tion  or  Line  D  P,  it  will  go  to  the  fame  Diftance  from 
the  Perpendicular  D  K  on  the  Horizon  ;  becaufe  D  K 
=  AD,  or  the  perpendicular  Spaces,  and  confequently 

■  the  Times  of  the  Fall,  are  equal.  Whence,  becaufe 
the  horizontal  Diftances  described  by  Jets  from  D  and 
B  are  as  D  F  and  B  C,  and  the  horizontal  Diftance  of 
the  Jet  from  D  is  2  DFrrDPraKM,  therefore  the  ho¬ 
rizontal  Diftance  of  the  Jet  from  B  will  be  equal  to 
2BC=KN. 

6.  From  what  has  been  hitherto  faid,  ’tis  eafy  to 
obferve  that  the  Motion  of  a  fpouting  Fluid  is  every  way 
fimilar  to  that  of  a  projected  Solid.  The  Path  of  the  Fluid 
Is  a  Parabola,  becaufe  it  is  impell’d  by  two  Forces,  one 
horizontal,  the  other  of  Gravity  in  the  Perpendicular, 
in  the  fame  Manner  as  was  fhewn  of  the  projected  So¬ 
lid.  The  Impetus  of  the  Jet  B,  D,  H,  E,  is  the 
Height  of  the  Refervoir  A  B,  A  D,  A  H,  A  E,  the 
greatefl  horizontal  Random  K  M  is  that  from  the  Jet 
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fel  at  P,  Q^,  or  R,  than  through  the  Ad¬ 
jutage  PB  inferted  in  thofe  Holes,  and 
farther  Pill  in  Proportion  as  the  Adjutage 


D,  directed  to  the  middle  Point  F  of  the  Semicircle  ; 
and  any  two  Jets  equally  diftant,  as  B,  H,  go  to  the 
fame  Diftance  K  N  on  the  Horizon.  If  the  Adju¬ 
tage  be  horizontal,  the  Jet  will  be  a  Semi-parabola  ;  if 
'oblique,  it  will  be  a  whole  Parabola.  All  which  Particu¬ 
lars  wereobferved  to  be  the  Properties  of  the  Motion  of 
folid  Proje&iles  ;  a  Jet  of  Water  being  every  Way  the 
fame  as  a  Difcharge  of  fmall  Shot. 

7.  But  to  apply  this  more  particularly  :  Let  ABCQL 
be  a  Fountain  and  Condudf-Pipe  with  .an  Adjutage  P-^rX, 
moveable  on  a  Joint,  to  be  fet  in  any  Pofition  ;  as  per- Fig-  4* 
pendicular,  as  at  I  ;  oblique,  as  at  K  ;  or  horizontal, 
as  at  L.  In  the  firft  Cafe,  a  Jet  will  play  upright  to 
D  ;  the  Height  of  which  Jet  I  D  is  the  Impetus,  or  the 
Meafure  of  the  Force  of  the  Machine  to  projed  the 
Fluid.  If  the  Adjutage  be  placed  obliquelv,  as  at  K,- 
the  Jet  of  Water  will  be  the  Parabola  KFH;  but  if 
placed  horizontally,  as  at  L,  it  will  form  the  Semi¬ 
parabola  LN.  Now  in  this  latter  Cafe  it  will  be  L  M 

1VT  ]\T2 

*  MN  ::  MN  - - —  Lotus  Return  of  the  Parabola 

L  M 


LN  whencompleated. 

8.  But  it  has  been  Ihewn,  that  the  Impetus  ID,  or 
•  Force  by  which  the  Parabola  is  defcribed,  is  equal  to 

cite  fourth  Part  of  the  Lotus  ReSium,  ( Anhot.  XXXIII. 

M  N1 

I  12.)  therefore  it  will  always  be  I  D  —pfJA  ’  con:^e* 

quently,  4.  L  M  :  M  N  ::  M  N  :  I  D.  So  that  if  we 
fee  a  Jet  of  Water  at  any  Time,  and  would  know  the 
Height  of  the  Refervoir  whence  it  comes,  we  can  eafiiy 
find  it  by  the  Proportion  above,  becaufe  the  three  firlt 

II  Terms  are  always  given  by  Meafurement. 

9.  By  this  Means  alfo  we  can  ctlimate  the  Force  by 
which  any  f  luid  is  projected,  where  no  Refervoir  of 
PrefTure  o*  Fluids  is  concern’d,  but  the  Action  of  Solids; 
as  the  Force  by  which  the  Urine  is  protruded  ;  the 

D  2  is 
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is  fhorter  and  the  Bore  larger.  On  the 
contrary,  if  a  Pipe  be  inferted  perpendicu- 

Force  of  Refilition  in  the  Blood  fpouting  from  Veins 
and  Arteries  in  Bleeding  ;  the  Force  by  which  the 
Chyle  afcends  from  the  Receptnculum  by  the  Thoracic 
DuCt  to  the  Left  Subclavian  Vein,  or  by  which  the 
Blood  afcends  from  the  loweft  Parts  of  the  Body  to  the 
Heart.  In  fhort,  nothing  in  the  Animal  Oeconomy  can 
be  well  underftood  but  by  an  Acquaintance  with  the 
Hydraulic  Laws  of  Fluids:  For  an  animal  Body  is  the 
moft  curious  and  compounded  Hydraulic  Machine  in 
Nature. 

io.  A  fignal  Example  of  the  Ufe  of  Hydraulics  in  this 
Refpecl  I  (hall  produce  from  the  admirable  Experiment 
of  Dr.  Hales  in  his  Hcemajlatics.  The  Do&or  caufed 
a  Mare  to  be  tied  down  alive,  and  laid  open  the  Left 
Crural  Artery,  in  which  he  inferted  a  Brafs  Tube,  and 
on  that  fix’d  a  Glafs  Tube ;  and  then  cutting  the  Liga¬ 
ture  on  the  Artery,  the  Blood  rofe  in  the  7'ube  in  an 
Inftant  about  4  Feet,  and  continued  to  rife  till  it  attain¬ 
ed  the  Height  of  8  Feet  and  3  Inches.  In  a  Gelding 
he  tried  the  fame  Experiment,  and  the  Blood  rofe  to 
the  Height  of  9  Feet  8  Inches  :  This  was  in  the  fame 
Artery  as  before.  In  another  Mare  he  fix’d  a  Pipe  and 
T ube  into  an  Incifion  of  the  Left  Jugular  Vein,  and  the 
Blood  rofe  to  4*  Feet  ;  and  then  he  fix’d  it  in  the  Left 
Carotid  Artery,  where  the  Blood  rofe  to  9  Feet  and 
6  Inches.  In  an  Artery  of  a  Doe  it  rofe  to  4  Feet  2 
Inches ;  in  a  Dog,  to  6  Feet  8  Inches  ;  in  a  Sheep, 
to  6  Feet  5I  Inches;  and  he  conjectures  that  it  will 
very  probably  rife  in  a  Man  to  the  Height  of  7  Feet  and 
t  Inches. 

1  1 .  Now  to  eftimate  the  Force  with  which  the  Left 
Ventricle  of  the  Heart  (of  the  firft  Mare)  propell’d  the 
Blood,  the  DoCtor  found  by  means  of  injeCted  Wax, 
that  the  Capacity  of  the  Ventricle  was  10  Cubic  Inches, 
and  the  Surface  on  the  Infide  was  equal  to  26  Square 
Inches  ;  alfo  the  Area  of  the  greateft  SeCtion  of  the 
Ventricle  from  Apex  to  Bafe  was  6,83  Square  Inches: 
Confequcntly  the  whole  Prefiure  upon  the  internal  Sur- 

larly 
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larly  into  the  Bottom  of  a  Veflel,  it  will 
difcharge  itfelf  fooner  through  it,  than 

face  of  the  Ventricle  was  equal  to  26X114=2964  Cu¬ 
bic  Inches.  (See  Annot.  LV.  10,  11.)  Alfo  the  Weight 
or4Prelfure  downwards  was  equal  to  6,83X114=778,63 
Cubic  Inches,  that  is,  to  the  Height  multiplied  by  the 
Area  of  the  greateft  Section  of  the  Ventricle. 

12.  Now  a  Cubic  Inch  of  Blood  weighs  267,7 
!  Grains;  wherefore  2964X267,7  =  113,22  Pounds  A- 
\  voirdupois ,  allowing  7008  Grains  to  a  Pound  ;  which 
therefore  is  the  Force  ofPrelTure  upon  the  Surface  of  the 
Ventricle  when  dilated.  Again,  6,83  X  114  =  29,7 
Pounds=the  Force  of  Weight,  or  the  Momentum  of  the 
Blood  which  the  mufcular  Fibres  of  the  Ventricle  muft 
refill  in  fupporting  fuch  an  Altitude  of  Blood,  on  fuch 
an  Area  of  Bafe. 

13.  The  Velocity  of  the  Blood  entering  the  Aorta  is 
thus  computed  :  The  Ventricle  each  Syftole  throws  out 
10  Cubic  Inches  of  Blood,  and  the  Area  of  a  tranfverfe 
Section  of  the  Aorta  at  the  Heart  is  1,036  ;  therefore 

— 10-  =  9*64  Inches  =  the  Length  of  the  Cylinder  of 
1,036 

Blood  form’d  in  palling  through  the  Aorta' s  Orifice  at 
each  Syftole  of  theVentricle.  The  Ventricle  contrast¬ 
ed,  or  the  Pulfe  in  the  Horfe  beat  3  6  times  in  a  Minute, 
or  2160  times  in  an  Hour;  but  9,64X2160=20819,4 
j  Inches,  or  1734,9  Feet,  would  pafs  in  an  Hour,  if  the 
i  Time  of  the  Contraction  of  theVentricle  were  equal  to 
the  Time  between  two  Pulfes:  But  it  is  but  a  third  Part 
of  that  Time;  therefore  three  times  1734,9  Feet,  or 
5204,7  Feet,  will  be  the  Velocity  ptr  Hour,  or  one 
;  Mile  nearly,  or  86,7  Feet  per  Minute, 

14.  But  this  Velocity  is  abated  by  the  Divifions  and 
;  Subdivifions  of  the  Artery  into  numberlefs  Branches, 

fo  that  in  the  fine  Capillaries  it  muft  be  nearly  deftroy- 
ed,  did  not  other  Powers  take  place  to  continue  and 
j  augment  it ;  fuch  as  the  Re-aCtion  of  the  elaftic  Coats 
:  of  the  Arteries,  the  Attraction  of  Cohefion,  and  per¬ 
haps  an  electrical  Virtue  arifing  from  conftant  At- 

D  3  thi  ;ough 
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through  the  bare  Hole,  and  ftill  quicker 
as  the  Pipe  is  longer  and  larger  (LXXVI.) 


trition,  and  extended  through  all  the  tubular  Corn- 

pages. 

(LXXVI.)  i.  Let  A  B  be  a  VelTel  fill’d  with  Water, 
it  will  run  out  at  the  Bottom  through  a  Hole  with  a  Ve¬ 
locity  at  firft  proportional  to  the  Height  A  C,  which 
will  conftantly  decreafe  with  the  Altitude  till  the  Vefiel 
be  emptied.  If  another  Vefiel  N  K,  equal  to  the  former. 
Pi  ^  lX.j^as  a  'pube  inferred  at  the  Bottom,  as  LM,  the  Wa- 
3*  ter  will  begin  to  run  out  at  M  with  a  Velocity  propor¬ 
tional  to  IiVj  ;  the  VefiVl  NK  will  therefore  be  exhauft- 
ed  fooner  than  the  Vefiel  A  B.  If  another  Vefiel  EH 
be  of  an  equal  Diameter  with  the  Vefiel  N  K  or  A  B, 
and  equal  in  Length  to  the  Vefiel  and  its  Pipe,  the  Sur¬ 
face  of  Water  in  each  will  begin  to  defcend  with  equal 
Velocities  ;  but  that  in  E  H  will  foon  become  greater 
than  that  ip  N  K,  becaufe  of  an  equal  Altitude  of  the 
Water,  and  a  freer  Exit  at  the  Bottom,  as  having  no 
narrow  Tube  to  retard  it, 

_  2.  The  Theory  of  Water  running  through  a  Hole 

■  4  E  F  in  the  Bottom  of  a  Vefiel  ABDC  is  of  a  curious 

Confideration,  and  may  be  thus  explain’d.  A  B  is  the 
Surface  of  the  Water,  or  Diameter  of  the  Orifice  of  the 
Vefiel  ;  and  fince  the  Water  muft  move  from  the  Sur¬ 
face  to  the  Hole  EF,  it  muft  move  in  a  Body  of  a  par¬ 
ticular  Figure  AMEFNB,  which  iscall’dthe  Cataiatt 
of  defcending  Water.  Now  the  Nature  of  the  Curve 
AM  Eor  b  N  F  is  thus  determined. 

3.  The  Momentum  of  moving  Water  is  every  where 
the  fame,  ( Annct .  LXX.  17.)  'viz.  at  A  B,  M  N,  or 
E  F  ;  alfo  the  Velocity  at  MN  or  EF  is  as  ^/HR 

or  t/HG,  ( Annct  at .  LXXIV.)  If  we  now  take  MN 
as  an  Ordinate  to  the  Curve  A  ME,  and  put  MR  == 
j,  and  H  R  =  a- ;  then  fince  the  Quantity  of  Water 
flowing  by  M  N  in  a  given  Time  is  as  the  Area  of  the 
Section  or  Square  of  its  Diameter,  viz.  M  N  % 
which  is  as  y  y ,  and  alfo  becaufe  the  Velocity 

is  as  v/ H  R—  \/  x,  therefore  the  Momentum  of  the 
Water  will  b eyy  X\/x.  And  becaufe  this  is  every 

II.  The 
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II.  The  fecond  Caufe  of  the  Rife  or  Mo¬ 
tion  of  Fluids  is  the  Prejfure  of  the  Air  on 

where  the  fame  in  the  moving  Catarafr,  the  Quantity 
/Xv/  x  is  given  or  conftant ;  and  fo  yz  x  =  Ii 


I 


whence  x  — — ;  which  (hews  the  Curve 

y* 


yy 


AME,  is  an  Hyperboloid  of  the  fourth  Order,  whofe 
Afymptotes  arp  X  I  parallel  to  the  Horizon,  and  I  G 
perpendicular  thereto. 

4.  To  find  the  Quantity  or  Magnitude  of  the  Cata¬ 
ract  we  proceed  thus  ;  let  m  n  be  drawn  infinitely  near 


*  =  _  i2=—  5l=Rr.  The  Area  of  the  Circle 


/ 


upon  the  Diameter  M  N  is  pyy,  but  py  y  X  x  — 


y 4  y  y 


taraCt  ;  but  2  2IR,  and  pyy  is  the  Area  of  the 
Circle  M  N.  Therefore  the  whole  CataraCl  from  any 
Sefiion  to  the  Afymptote  XX,  is  equal  to  a  Cylinder 
whofe  Bafe  is  the  SeCtion  of  the  CataraCt,  and  its 
Length  twice  the  Height  of  the  CataraCt. 

5.  Now  ’tis  very  evident  from  what  has  been  faid  of 
the  Nature  of  the  Curve  Y  A  M  E,  that  as  foon  as  the 
Water  begins  to  run  out  at  E  F,  there  will  be  at  that 
Inftant  a  Velocity  in  all  Parts  of  the  Catarad  even  in 
thofe  of  the  Surface  A  B.  For  let  A  —  Area  of  the 
Circle  upon  AB,  or  Orifice  of  the  Vefiel  and  aa^Area 
of  the  Hole  E  F  ;  V=Velocity  of  the  Water  in  palling 
through  the  Hole,  and  ®=the  Velocity  at  the  Surface 
AB.  Then  becaufe  it  is  A  v—2.  V  ;  we  have  V  :  v  :: 
A  :  a  ;  therefore  whatever  Proportion  a  has  to  A,  the 
fame  Proportion  will  there  be  between  v  and  V.  So 
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the  Surface  of  that  in  the  Fountain  or  Re- 
fervoir.  Thus  if  a  Syphon  or  Crane  be 

that  till  A  becomes  infinite,  or  till  A  B  coincides  with 
XX,  there  will  always  be  fome  Degree  of  Velocity  in 
the  Surface  of  the  Water.  But  when  A  is  infinitely 
greater  than  a,  v  will  be  infinitely  lefs  than  V,  that  is 
nothing  at  all. 

6.  Since  the  Afymptote  XIX  (  or  the  infinite  Sur¬ 
face  of  the  Water)  is  the  higheft  Part  of  the  infinite  Ca- 
taraft,  and  where  the  Velocity  commences,  it  is  evi¬ 
dent  the  Velocity  will  be  in  all  Parts  below  as  at  A  B, 
E  F,  as  \/lH  and  v/ IG  ;  confequently  the  Velocity 
of  the  Water  is  different  from  that  of  Bodies  falling 
from  the  Height  of  the  Fluid,  for  of  fuch  a  Body  the 
Velocity  at  EF  would  be  as\/HG,  and  at  A  B  it 
Would  be  nothing. 

7.  Let  G  H  =  H  —  the  Height  of  the  Water  in  the 
Veffel,  and  1H=%,  then  will  H-j-z=IG.  And  foV: 
v  : :  A  :  a  : :  v/fG  :  v/TH  : :  vTf+I :  s/~z  5  01  V*: 
vj1  :  :  A'1 :  a1  : :  H  -j-  z  :  z  ;  whence  by  Divifion  of 
Proportion,  wre  have  H-fz  :  H  :  :  V1  :  V2 — vz  :  :  A1 

•  A;  —  a1 ;  confequently  H  -}-  z  =  I  G  = 


8.  According  to  Sir  Jfaac  Newton  Bodies  fall  in  Va¬ 
cuo  at  the  Rate  of  193)  Inches,  or  16  2  Feet,  the  firft 
Second,  which  Velocity  becoming  uniform  will, carry  a 
Body  over  twice  the  Space  in  one  Second,  viz.  32| 
Feet.  But  uniform  Velocities  are  as  the  Spaces  deferib- 
ed  by  them  in  the  fame  Time  :  and  the  laft  acquired 
Velocities  of  falling  Bodies  are  as  the  Square  Roots  of 
the  Spaces  defeended  through  ;  therefore  32 1  :  V  :  : 


06^  /  I  G  or  Wherefore  3  2i\Z^  ^ 

A  1 _ a1  /"  /  T 


\/  16  i 


—  V  =  8,02773 ^/IG,  or  8,02773  \/_j^iy.Feet, 


9$>3 3:7&  \/  A-fllnches  ter  Second. 
A’ — a1 


lHl- 


Hydraulics.  4  k 

immerfed  with  the  fhorter  Leg  in  Water, 
and  the  Air  fucked  out  of  the  Inftrument, 

g.  When  A  is  very  great  in  refpeft  of  a,  then  a1 
may  be  rejected  as  inconfiderable  ;  and  fo  the  Expref- 
fion  will  be  reduced  to  So2773\/H  Feet,  or  96,33276 
v/H  Inches,  for  the  Velocity  of  the  effluent  Water  per 
Second.  But  (  as  Sir  Ifagc  Newton  found,  and  is  eafy 
to  obferve)  this  Velocity  is  not  fo  great  in  palling  thro' 
the  Hole  in  Experiments,  as  the  Theory  gives  it :  The 
Reafon  is,  becaufe  the  Vein  of  effluent  Water  contracts 
itfelf,  and  grows  narrower  to  the  Diftance  of  about  a 
Diameter  of  the  Hole  below  it ;  where,  by  meafuring. 

Sir  Ifoac  found  the  Diameter  of  the  Vein  to  that  of  the 
Hole  as  21  to  25  ;  whence  the  Area  of  a  Sedion  of  the 
Vein  there  will  be  to  the  Area  of  the  Hole  as  441  to 
625,  that  is,  as  1  to  v/  2  >  confequently,  the  Veloci¬ 
ty  of  the  Vein  is  to  the  Area  of  the  Hole  as  i  to  1 
in  that  Part,  becaufe  of  equal  Momenta  in  both  Cafes. 

10.  Hence,  if  I  G  =  48  Inches,  and  the  Diameter 
of  the  Hole  1  Inch;  then  48  +  1=49  Inches  will  be 
the  Height  from  the  Place  where  the  Velocity  is  great- 
eft.  Now  the  natural  Velocities  acquired  by  Water  de¬ 
fending  freely,  from  the  Heights  of  48  and  49  Inches, 
are  as  69  to  70,  and  therefore  nearly  equal:  Con¬ 
fequently,  the  great  Inequality  of  1  to  v/ 2,  or  the 
Diminution  of  the  Velocity  in  the  Hole,  muft  be  ow¬ 
ing  to  the  Retardation  occaftoned  by  the  lateral  Water 
refilling  in  fome  meafure  its  perdendicular  Defcent. 

11.  Hence  the  Velocity  of  the  Water  in  the  Hole  is 
very  nearly  equal  to  that  which  would  be  acquired  inde» 
fending  through  I  I  G  ;  becaufe  the  Velocity  acquired 
by  defending  thro’  {  IG  is  tojthat  acquired  by  defend¬ 
ing  through  I  G  as  t  to  v/2.  Whence  the  Velocity 
in  the  Hole  is  to  be  diminifhed  in  the  Ratio  of  1  ta 
y/a  —  1,414.  Thus,  as  1,414  •  1  •  •  8,02773 

:  5,6773;  and  as  1,414  :  1  ::  96,33276  •  68,1278  ;  fo 
that  the  true  Velocity  of  the  Water  in  the  Hole  is 
5,6773  v/H  Feet,  or  68,1278.  \/H  Inches  per  Se¬ 
cond. 

the 
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the  Fluid  will  afcend  into  the  vacuous 
Space  by  the  Prefliire  of  the  Air  on 


12.  Wc  obtain  an  Expreffion  of  the  Velocity  alfo  in 
other  Terms,  thus:  The  Quantity  of  (Qj  of  Water 
difcharged  is  greater  in  Proportion  to  the  Area  of  the 
Hole  (a),  the  Velocity  (VJ,  and  the  Time  (T)  which 


itfpends.  Therefore  Q=TVa ;  and  fo  V=-3-  = 


Ta 


alfo  A’=  ioooo,  a1 


A1 — a1  9999 

l,oooi,  which  may  be  rejected  as  inconfiderable. 
Wherefore  68,1278  v/  H  or  472  Inches  (ftr'c)  the 
Velocity  of  the  iffuing  Water  per  Second.  Q=iooX 

4800  _Q_ 


4800  Cubic  Inches  :  Whence^ 


472 


= —  =  T=:io 
V 


Seconds,  the  Time  in  which  fuch  a  Veflel  would  dif- 
charge  a  Bulk  of  Water  equal  t©  its  own  Bulk,  if  kept 
continually  full  all  the  while. 

14.  Now  becaufe,  when  a  is  given,  Q=  TV ;  and 


when  QJs  given,  TV=i,  andT=^^-,  and  V 


V '  T, 

it  is  plain  all  thefe  Cafes  are  the  fame  with  thofe  of  Bo¬ 
dies  moving  uniformly,  as  in  Annot.  XXII.  And  fince 
V  is  a  given  Quantity  when  it  increafes  or  decreafes  in 
a  given  Ratio,  therefore  the  above  Theorems  will  be 
equally  adapted  to  the  uniformly  accelerated  and  retard¬ 
ed  Motion  of  Bodies,  wh ether  ("olid  or  fluid.  From 
whence  we  can  eftimate  the  Time  in  which  the  above. 


the 


68,1278  s/W  ;  and  confequently  0=68,1278  T  a 
H.  Or,  becaufe  3  =  0,785398  d  d,  therefore^ 
=  S3’5°74  6  d d  T  v/  H  Cubic  Inches  of  Water. 
And  becaufe  a  Cubic  Inch  of  Water  weighs  2531- 
Grains,  the  Weight  of  the  Water  difeharged  will  be 

W  =  I3555?32  dd T  v/  H. 

13.  Suppofe  a  Veflel  10  Inches  fquare,  4  Feet  or  48 
Inches  high,  and  having  an  Hole  at  the  Bottom  1  Inch 
fquare.  Then  will  A  —  1005  a  =  1,  and  H  =  48  -3 

,  r  A*  10000 

1,  and  10 - 
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the  Water  in  the  VeiTei,  and  fill  the 
whole  Cavity  of  the  Tube  ;  and  be- 
caufe  there  is  a  greater  Column  or  Body 
of  Water  in  the  longed:  Leg,  it  will  prepon¬ 
derate  and  defcend  through  it;  and  will 
keep  flowing  out,  till  theVeflel  is  exhaufted 
to  the  Orifice  of  the  fhorter  Leg  (LXXVII.) 

mention’d  VefTel  full  of  Water  will  be  difcharged  by 
its  own  Gravity  only. 

15.  Thus  it  is  evident,  that  the  Column  of  Water 
that  Hands  over  the  Hole  will  defcend  alone  through  it 
in  I  a  Second,  becaufe  Bodies  fall  at  the  Rate  of  4  Feet 
in  1  a  Second,  and  that  is  the  Height  of  the  Column.  If 
theVeflel  contains  any  Number  of  equal  Columns  be- 
fides,  the  l  ime  of  their  Evacuation  will  be  proportio¬ 
nal  ;  that  is,  Q_will  always  be  as  T,  becaufe  V  in  all 
Cafes  (uniformly  decreafing  with  the  {y/  H)  Square 
Roots  of  the  Altitudes)  is  a  given  Quantity  ;  and  be¬ 
caufe  there  are  100  fuch  Columns  in  theVeflel,  it  ' will 
require  iro  Half-Seconds,  or  ;o  Seconds,  for  the!  ime 
of  the  Difcharge.  This  would  be  the  Time,  were  the 
Water  to  fet  out  with  the  Velocity  of  the  Defcent 
from  the  Height  of  4  Feet  :  But  fince  the  initial  Velo¬ 
city  is  lefs  than  that  in  the  proportion  of  1  to  v/2> 
(Art.  9.)  and  fince  the  Times  are  inverfely  as  the  Ve¬ 
locities  when  Q_or  the  Quantity  of  Water  is  given, 

(Art.  14.)  therefore  as  1  :  s/  2=1,414  :  5°  •  7°>  7 
—the  true  Time  of  the  Difcharge. 

(LXXVII.)  1.  It  has  been  already  (hewn,  that 
when  a  Syphon  is  firft  fill’d  with,  and  then  immerfed  in 
Water,  it  is  the  Preflure  of  the  Air  that caufes  it  to 
continue  full,  and  that  it  runs  out  of  the  longer  Leg  y 
the  Preponderancy  of  W ater  in  that  Leg.  (  nnot. 
LXXII.)  I  {hall  only  add  here,  that  when  the  Air  is 
drawn  out  by  the  Mouth-Piece,  the  Preflure  of  the  Air 
on  the  Surface  of  Water  in  the  Velfel  caufes  it  to  nfe 
Into  and  fill  the  Syphon;  to  evince  which,  we  need  on- 

TT  HE 


. 


The  Effedt  of  the  Common  Pump  is 
from  the  fame  Principle  :  For  the  Bucket 


above  it  in  the  Barrel,  makes  a  vacuous 
Space,  or  greatly  attenuates  the  Air  in  the 
Barrel  and  Pipe  below  it  ;  whence  the 
W ater  muff  neceffarily  rife  in  the  Pipe,  by 
the  fuperior  Preffure  of  the  Air  on  the  Sur¬ 
face  of  that  in  the  Well.  The  Water 
afcending  in  the  Pipe,  paffes  through  the 
Valve  in  the  Bottom  of  the  Barrel,  which 
/hutting  upon  the  Depreflion  of  the  Suc¬ 
ker,  the  Water  is  thereby  forced  through 
the  Valve  of  the  Sucker  into  the  Ciflern 
of  the  Pump,  and  difcharged  through  the 
Spout.  All  which  is  clearly  fliewn  by  the 
Model  of  a  Pump  in  Glafs  (LXXVIII.) 

ly  put  a  Syphon,  while  working,  under  the  Receiver  of 
an  Air-Pump  ;  for  upon  exhaufting  all  the  Air,  the 
Syphon  will  ceafe  running. 

2.  Or  if  the  Syphon  be  equicrural,  or  has  both  the 
Legs  of  an  equal  Length,  the  Water  will  not  run  thro’ 
it,  becaufe  the  Force  of  Water  againft  the  Air  at  each 
Orifice  is  equal.  The  fame  Thing  will  be  effe&ed 
with  a  Syphon  of  unequal  Legs,  though  the  fhorterLeg 
be  immerfed  in  Water,  if  the  Syphon  be  fo  inclined 
that  the  Orifice  of  both  Legs  be  on  the  fame  horizon-  ' 
tal  Level.  1  need  not  after  this  give  the  Reafon  why 
the  Water  will  not  run  out  of  the  fhorter  Leg,  if  the 
Jorgeft  be  placed  in  the  Water. 

(LXXvIII,)  i.  J  /hall  here  give  the  Theory  of 
Pump-Wirk,  and  the  Struflure  of  fuch  Pumps  as  are 
found  to  be  molt  ufeful  for  the  various  Purpofes  of  Life. 
7  he  Theory  depends  in  a  great  Meafure  upon  thofe 
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III.  IV.  But  the  molt  confiderable  of 
all  Water-Engines  is  that  call’d  New- 


Properties  of  the  inverted  Syphon,  or  Fountain,  defcrib- 
ed  in  Annot.  LXXIII.  Art.  u,  12,  13,  14.  Let 
ABCDEFG  reprefent  the  inverted  Syphon  there  de- 
fcribed  :  Only  here  the  Part  ABCD  reprefents  a  Co¬ 
lumn  of  Air,  and  DG  the  lower  Part  of  the  Pipe  of  a 
Pump  immerfed  in  the  Water  of  the  Well  H  I.  Let 
P  be  the  Pifton  of  the  Pump  at  E  in  its  loweft  Situa¬ 
tion,  and  at  F  in  its  higheft.  Now  as  both  thefe  Parts 
communicate  with  the  W ater,  one  by  preffing  on  it, 
the  other  by  opening  into  it,  they  may  be  looked  upon 
as  communicating  with  one  another. 

2.  Now  ABC,  the  Column  of  Air,  would  by  its 
Weight  or  Preflure  force  up  a  Column  of  Water  into 
the  Pipe  D  G  to  the  Height  of  33  Feet,  were  the  Air 
exhaufted  from  the  faid  Pipe,  and  continued  to  that 
Height ;  (the  Weight  of  a  Column  of  Air  being  equal 
to  the  Weight  of  fuch  a  Column  of  Water  of  the  fame 
Bafe,  as  will  be  (hewn  hereafter.)  If  now  the  Pifton  P 
be  thus  thruft  down  to  E,  meeting  the  Water  there, 
and  from  thence  it  be  railed  toF  with  an  uniform  Mo¬ 
tion,  the  Water  will  rife  from  E  to  follow  the  Pifton 
with  a  variable  Velocity  ;  the  leaft  of  which  is  as  v/ A  C 
•— \/DE,  and  the  greateft  as  \/ac— de=-/ab, 
(by  Annotation  XXIV.  12.) 

3.  If  in  lifting  up  the  Pifton  the  Velocity  of  Water 
be  lefs  than  that  of  the  Pifton,  it  will  not  be  able  to 
follow  it,  but  will  leave  a  void  Space  between  them, 
which  will  increafe  more  and  more  as  the  Velocity  of 
Water  becomes  lefs  than  that  of  the  Pifton.  The 
Confequence  of  this  will  be,  that  a  Part  of  the  Stroke 
of  the  Pifton  will  be  loft  ;  and  not  only  that,  but  the 
Pifton,  when  the  Water  leaves  it,  will  rife  very  hard, 
as  having  the  Weight  of  Water  upon  it,  and  the  Air 
of  greater  Denfity  above  than  below  ;  whence  the 
Equilibrium,  which  ought  to  be  in  Pumps,  is  deftroy- 
ed,  and  the  Balance  againft  the  Workman.  Now  as 
this  can  happen  where  the  Diameter  of  the  Sucking- 
Pipe  is  equal  to  that  of  the  Pump  barrel,  much  l'ooncr 

Jkam  s 
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/ham's  Engine,  from  the  great  Improve¬ 
ments  which  Mr.  Newjham  made  in  it  ; 


will  it  happen  when  the  Pipe  is  lefs  than  the  Barrel, 
becaufe  the  Water  riling  through  a  lefs  PalTage  will 
be  no  longer  in  filling  the  Pump-Barrel,  and  therefore 
quit  the  Pifton,  and  leave  the  greater  void  Space  be¬ 
tween. 

4.  On  the  contrary,  if  the  leaft  Velocity  of  Water 
rifing  in  the  Pipe  be  greater  than  that  of  the  Pifton, 
there  will  be  no  void  Space ;  and  the  Pump-Barrel  may 
be  made  in  proportion  as  much  wider  than  the  Pipe  as 
the  Velocity  of  Water  is  greater  than  that  of  the  Pift¬ 
on.  Now  that  this  may  be  the  Cafe,  we  Ihall  fliew 
by  Calculation  what  Diameters  the  Barrel  and  Pipe 

pi  XIX.  ought  to  have  compared  with  the  Velocity  of  the  Wa- 

jrjg  r  ter  and  Pifton.  Let  A  reprefent  the  lead  Altitude  of 
the  Atmofphere  AC  =  3i  Feet  of  Water;  Br=DF  the 
higheft  Elevation  of  the  Pifton  above  the  Surface  of  the 
Water  H  I,  which  let  be  16  Feet.  And  let  the  great- 
eft  Velocity  of  the  Pifton  which  can  well  be  given  to  a 
Pump  be  that  of  four  Feet  in  a  Secondzzt;  ;  and  V— 
the  leaft  Velocity  of  Water  that  riles  in  the  Pipe  ;  D= 
the  Diameter  of  the  Barrel  ;  and  d  —  Diameter  of  the 
Pipe. 

5.  Now  here  we  have  v/  A — v/  B— V  ==  the  leaft 
Velocity  of  Water;  and  the  Fall  which  w>ll  produce 
that  Velocity  is  the  Square  of  that  Expreffion,  viz.  A 
-j-B — 2V/XB,  that  is,  31  +  16— 2\/ 3  iX  10=2  Feet  6 
Inches,  the  Height  of  the  Fall  required.  Whereas  by 
the  common  Way  of  taking  the  Square  of  \/ A — B, 
viz.  A — B  for  the  Height,  we  have  15  for  the  Fall, 
which  extraordinary  Error  muft  be  of  very  bad  Confe- 
que^ice  in  Pra&ice. 

6.  Here  the  Velocity  \/ A — V  B— v/31  — \/ 1  6 as 
5,6 — 4— 1,6  per  Second.  The  Velocity  of  the  Wa¬ 
ter  at  the  Bottom  of  the  Pipe  D  is  as  \/ A=5,6;  that 
alfo  muft  be  the  Velocity  of  the  Pifton  at  D,  that  the 
Water  may  follow  it ;  whence  the  Pifton  moving  wi  h 
the  fame  Velocity  at  F,  where  the  Velocity  is  but  r,6. 


47 


Hydraulics. 

the  Nature  and  Effedt  of  which  will  be 
eafily  underftood  from  a  perpendicular 

we  have  5,6 — 1,6—4  Feet  of  void  Space,  therefore  4 
Parts  in  5,6  of  fuch  a  Stroke  would  be  loft  or  ineffec¬ 
tual.  We  may  here  obferve  by  the  Way,  that  fince 
the  Velocity  of  the  Water  at  D  is  5,6,  and  the  greateft 
Velocity  which  can  be  given  tothePifton  (without  da¬ 
maging  the  Machinery)  is  but  4 ;  therefore  a  Pifton 
working  at  the  lower  End  of  the  Pipe  or  Barrel  will  al¬ 
ways  have  Water  more  than  enough  to  prevent  any 
void  Space  or  Lofs  of  Labour. 

7.  But  fince  we  find  fo  great  a  Void  in  the  Pipe  at 
F  of  the  fame  Diameter  with  the  Pifton,  ’tis  evident  if 
We  contradf  all  the  Parts  below  F  into  a  fmall  Pipe  as 
F  D ,  and  let  the  Part  F  G  remain  as  it  was  for  the 
Barrel  for  the  Pifton  to  play  in,  as  at  F  G ,  that  then 
the  Water  will  rife  into  the  Barrel  FG  with  a  greater 
Velocity  than  before,  in  proportion  as  the  Pipe  is  lefs; 
confequently  if  the  Bore  of  the  Pipe  F  D  be  to  \hat  of  the 
Barrel  FG ,  as  the  Velocity  of  the  P  iff  on  P,  or  the  Water 
in  the  Barrel ,  is  to  the  Velocity  of  the  Water  in  the  Pipe , 
there  will  always  be  a  Sufficiency  of  Water  to  prevent 
a  Vacuum  in  the  Barrel.  Which  Rule  in  Symbols  is 
thus  exprelfed  ;  D  D  :  c/d  :  :  V  :  v  ;  whence  D2^=: 
dlV  for  a  general  Canon  ;  any  three  of  which  Quan¬ 
tities  being  given,  the  fourth  may  be  found. 

8.  Thus,  for  Example,  l'uppofe  D,  v ,  and  V  were 

given  to'find  d,  we  have  dz^Z. If  Let  the  Diameter 

vV 

of  the  Barrel  D  =  6  Inches.  And  fuppofe  the  Pifton 

gives  20  Strokes  in  a  Minute,  each  a  two  Foot  Stroke, 

fpending  as  much  Time  in  its'Afcent  as  Befcent,  then 

will  the  Motion  of  the  Pifton  be  80  f  eet  per  Minute, 

or  if  per  Second  ;  whence  Laftly,  to  obtain 

the  Value  ofU,  we  muff  fix.  on  the  Length  of  the  Pipe 

F  D,  which  let  be  16  Feet,  then  the  higheft  Kleva- 

tion  of  the  Pifton  will  be  1  3  Feet  (if  it  comes  to  the 

Bottom  of  the  Barrel,  as  it  ought  to  do;)  wherefore  pj  XIX. 

an  Height  of  Water  of  18  Feet  in  the  Pump  G  D  ads  fig.  3. 

Sedtion 
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Sedtion  of  a  Model,  with  fome  Variation 
which  I  have  made  of  the  Structure  there- 

againft  the  Weight  or  Height  31  Feet  in  the  Leg  A  C. 
Now  the  Velocity  V  of  the  Water  in  the  Pipe  FD  being 
uniform,  or  conftantly  the  fame,  we  muft  find  what 
Difference  of  uniform  Velocities  will  be  generated  by 
Falls  from  31  and  18  Feet  Heights.  Thus  \/ 16.1  : 
32  :  :  V31  : 43  nearly;  and  */ 16^  :  3 2  ::  ^18  :  32!  ; 
whence  the  Difference  of  thefe  uniform  Velocities  will 
be  43 — 32-I  =io|:  =  10  Feet  3  Inches  per  Second  j 

therefore  V=ioL  Wherefore  d  —  2T’g  In- 

V' V  ' 

ches  for  the  Diameter  of  the  Pipe  F  D. 

1 7.  The  Reafon  why  we  make  no  Ufe  of  the  Ex. 
preffion  v'  A  C — V  DF  in  this  Cafe,  is  becaufe  this 
gives  only  the  Difference  of  the  inftantaneous  Veloci¬ 
ties,  or  the  leaft  Velocity  with  which  the  Water  at  F 
can  begin  its  Motion  upwards,  whereas  we  here  want 
to  find  what  the  conftant  and  uniform  Motion  of  the 
Water  will  be,  or  how  much  it  will  fupply  every  Se¬ 
cond  uniformly,  which  is  done  by  the  Method  above. 
For  fince  a  Fall  of  16  ^  gives  an  uniform  Velocity  of 
32  Feet  per  Second,  a  Fall  of  31  Feet  will  give  43; 
thus  a  Fall  of  18  Feet  will  give  325,  and  their  Diffe¬ 
rence  muff  be  that  of  the  Water  at  F. 

18.  If  we  know  the  Velocity  of  the  Pifton  v ,  the 
Diameter  of  the  Barrel  D,  and  the  Diameter  of  the 
Pipe  d ,  we  fhall  find  the  Velocity  of  the  Water  in  the 

iDD 


Pipe  V=- 


d  d 


or  thus  in  Words,  Multiply  the 


Square  of  the  Diameter  of  the  Barrel  by  the  Velocity  of  the 
Pifion ;  divide  the  Product  by  the  Square  of  the  Dia¬ 
meter  if  the  Pipe ,  the  Quotient  will  be  the  Velocity  fought 
from  the  Water  in  the  Pipe.  This  Velocity  when  found, 
muff  be  taken  from  43,  the  Remainder  43 — V  will  be 
the  uniform  Velocity  produced  by  a  Fall  from  the  higheft 
Situation  of  the  Pifton  to  the  loweft  Surface  of  the  Wa¬ 
ter  in  the  Well,  and  which  is  found  by  faying,  as  32  : 

of. 
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of.  The  Motion  of  the  Water  in  this 
Engine  is  effected  by  the  Preffiire  of  the 

V i6i-':  43 — V  :  */ DF  ;  whence  DF  the  higheft  E- 
levation  of  the  Pifton  will  be  known. 

19.  When  we  know  D,  V ,  and  d,  we  find  v  the 

Velocity  of  the  Pifton  by  this  Theorem -j-yg  icrr; ;  that 

is,  in  Words,  Multiply  the  Square  of  the  Diameter 
of  the  Pipe  by  the  Velocity  of  the  Water  in  it ,  and  divide 
the  Product  by  the  Square  of  the  Diameter  of  the  Barrel , 
the  Quotient  is  the  Volocity  of  the  Pijlon  required. 

20.  Having  given  the  Velocity  of  the  Water  in 
the  Pipe  V,the  Diameter  of  the  Pipe  d,  the  Velocity  of 
the  Pifton  v,  to  find  the  Diameter  of  the  Barrel  D,  wc 

have  this  Theorem  D  =  that  is,  Multiply  the 

v 

Square  of  the  Diameter  of  the  Pipe  by  the  Velocity  of  its 
Water,  and  divide  that  Product  by  the  Velocity  of  the  Pi- 
fon ;  the  Square  Root  of  the  Quotient  is  the  Diameter  of 
the  Barrel  fought. 

21.  If  a  Pifton  works  in  a  Barrel  or  Pipe  AD  of  the  p],  XIX. 
fame  Diameter  from  Top  to  Bottom;  then  we  can  find  pin-.  6, 
the  Height  to  which  the  Water  will  rife  at  every 

Stroke  of  the  Pifton  playing  at  any  Diftance  above  the 
Surface  of  the  Water  B  D.  Thus  let  E  be  the  lowed: 

Part  to  which  the  Pifton  comes,  and  letED:=i2  Feet 
Diftance  from  the  Water,  and  fuppofe  its  Length  of 
Stroke  EFrc:4  Feet.  Then  when  the  Pifton  is  at  E, 
the  lower  Part  of  the  Pipe  ED  is  fill’d  with  Air  of  the 
fame  Denfity  or  Spring  with  the  common  Air,  which 
call  S ;  when  the  Pifton  is  raifed  from  E  to  F,  fo  that 
i  FD=  16,  two  Effefls  will  follow  ;  one  is,  the  Air  will 
now  expand  itfelf  into  a  larger  Space  beneath  the  Pi- 
'■  fton,  and  have  its  Spring  weakened  ;  the  other  is,  that 
fince  the  Spring  of  the  Air  in  the  Pipe  is  leflen’d  it  will 
prefs  lefs  on  the  Surface  of  the  Water  in  the  Pipe  than 
the  external  Air  prefles  on  that  without,  the  Water  will 
rife  fo  far  into  the  Pipe,  till  its  Weight,  together  with 

Vol.  II.  E  vlt- 
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Atmofphere ,  the  Force  of  Pijlons ,  and 

Ay  the  Spring  of  condenfed  Air ,  in  the  fol- 

the  diminifh’d  Spring  of  the  Air,  be  equal  to  the  Preflure 
of  the  external  Air. 

22.  Suppofe  the  Water  rifes  to  c  ;  call  its  Height 
CD=a-  ;  then  the  Space  into  which  the  Air  is  expand- 
_  ed  will  be  FC=i6 — x.  Let  its  Spring  thus  diminifh- 

Pl.  XIX.  eci  be  call’d  s  ■  (hen  the  Spring  of  the  Air  being  inverfe- 
Fig-  6.  ]y  as  tbe  Spaces  which  it  takes  up,  we  have  S  :  s  ::  16 

12S 

—  x  :  12  •,  therefore  — — s.  The  Weight  of  a 

Column  of  Water  32  Feet  high  is  equal  to  the  Preflure 
of  the  Atmofphere,  that  is,  equal  to  S  ;  whence  22  :  S 
S  * 

x  :  —  =  the  W eight  of  the  Water  x.  But  this  ad¬ 
ded  to  the  weaken’d  Spring  of  the  Air  is  equal  to  S  ; 

,  •  12S  ,  Sx  ...... 

that  is,-- - - —  z=b;  and  dividing  by  S,  we  have 

It  x  32 


12 


X 


16 - X 


=  i»or  384-I-16A- — S-=$i2 — 32x3  or*® 

— 48x2=1—128,  and  by  adding  on  each  Side  the  Square 
of  24  (to  compleat  the  Square)  we  have  x- — 48x4- 
576=576 — 128  —  448,  and  extrading  the  Root,  * — 24 
r=zz±z'/ 448=22+221,166.  Wherefore x=: 2, 8342=D  C, 
the  Height  of  the  Water  required. 

23.  This  Height  taken  from  I2=E  D  ;  leaves  E  C 
=9,166,  and  calling  the  whole  Height  to  which  the 
Water  will  rife  by  the  firft  and  fecond  Stroke  together 
x  j  we  fhall  have  this  fecond  x  determin’d  by  the  Equa- 
q,  166  x 

tion-T - =  1,  lnveltigated  and  refolved  as  be- 

16 — x  32  0 

fore.  For  flnce  the  Water  C  D  cannot  recede  (by 
reafon  of  a  Valve  below)  when  the  Piflon  a  fecond 
Time  comes  to  E,  the  Valve  in  the  Piflon  will  be 
opened,  and  the  Part  EC  again  fill’d  with  common 
Air  ;  whence  S  :  s  ::  16 — x  :  9,166,  &c.  as  before. 
The  Equation  refolved  gives  x  =  5,098,  from  which 
taking  the  firft  x=2, 834,  there  remains  2,264,  for  the 

lowing 
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lowing  Manner,  viz.  When  the  Pifton  R 
is  raifed,  a  Vacuum  would  be  made  in  the 

Height  it  rifes  the  fecond  Stroke.  In  the  fame  Manner 
we  calculate  that  the  Water  rifes. 


7  a 

Firft  Stroke  2,834  -  2,834 

Second  -  2,264  5,098 

Third  -  2,025  -  7,12 3 

Fourth  — —  2,043  -  9,166 

Fifth  -  2,413 - 11,579 

Sixth  -  3,620  15,199 


24.  But  to  fave  the  Trouble  of  a  Calculation  every 
Time  we  would  find  *  for  the  various  Heights  of  the 
Pifton,  let  us  raife  a  general  Theorem  for  all  Cafes  ; 
thus  let  a  —  the  greateft  Elevation  of  the  Pifton,  bzL 
leaft,  a • — b—pzz the  Length  of  the  Stroke,  and  h  — 
Height  of  a  Column  of  Water  equal  to  the  Weight  of 
the  Atmofphere  j  then  the  foregoing  Theorem  will 

b  x 

beCOme  ~  d*  I,  and  fo  ax — xz-\-bh~ab—xh; 

or  a  x-\-  b  x  x  x  zzi  a  h  ■—  b  h  ~  p  b  \  putting  a  V  b 

we  have  2sx  —  xx  —  pk\  and  changing  the 
Signs  we  have  xx —  2  s  x  ~ — p  h  ;  and  compleating 
the  Square,  xx — 2  s  #-{-*  s—s  s — p  h  ;  and  fo  X' — s  — 
—V s  s—pb  ;  and  finally  j  — p  h+s. 

25.  Now  this  general -Theorem  finds  not  only 
but  any  of  the  other  Quantities,  having  the  reft  given. 
I  hus  fuppofe  the  higheft  Elevation  of  the  Pifton  be  16 
Feet  —a,  ^—32;  and  I  would  raiie  the  Water  the  firft 
Stroke  10  Feet :  gbuore  p  the  Length  of  the  Stroke  ? 

Here  x— 10,  and  s  —  — ~  — 24  ;  then  above  we  had 

2s  x — xx— pb,  whence  p  =  1-  x  A.  —  11,9,  or 

near  12  Feet  for  the  Length  of  the  Stroke  required., 

26.  Since  after  every  Stroke  or  Afcent  of  the  Pifton, 
idle  Air  in  the  Barrel  is  in  a  dilated  State  j  and  fince 

E  2  Barrel 
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Barrel  TV,  did  not  the  Water  follow  it  from 
the  inferior  Canal  EM  (through  the  Valve 

when  the  Pifton  defcends,  the  Water  by  its  Tendency 
downwards  carries  down  the  Valve  at  D,  and  by  this 
means  cuts  off  the  Communication  of  the  Air  at  D, 
and  fupports  the  Column  of  rais’d  Water,  ’tis  plain 
the  Valve  in  the  Bucket  of  the  Pifton  will  be  affe&ed  on 
its  upper  Part  by  the  Weight  or  Spring  of  the  common 
Air,  and  on  the  underSide  by  the  Spring  of  the  dilated 
Air  only  ;  and  therefore  upon  the  Defcent  of  the  Pifton 
the  Valve  of  the  Bucket  will  not  rife  but  comprefs  the 
internal  dilated  Air  into  a  Space  gradually  lefs  till  its 
Spring  by  that  Means  comes  to  be  equal  to  that  of  the 
external  Air,  and  then  as  the  Pifton  defcends  it  will  fuf<* 
fer  no  farther  Compreflion,  but  force  up  the  Valve,  and 
make  its  Efcape. 

27.  Thus  for  Example,  by  the  firft  Stroke  (in  Art. 
23.)  the  Water  rofe  2,834,  which  fubftradted  from 
16,  leaves  13,166  for  the  Space  into  which  12  Feet 
of  Air  was  dilated.  Now  its  Spring  being  weaker  than 
that  of  the  external  Air,  upon  the  Defcent  of  the  Pr- 
fton,  it  will  be  comprefs’d  into  the  former  Space  of  12 
Feet  before  it  can  recover  its  former  Spring,  the  Pifton 
will  then  have  defcended  through  r,i66  ;  and  fince 
the  Stroke  is  4  Feet,  and  the  Air  will  now  be  no  far¬ 
ther  comprefs’d,  therefore  4 — 1,166—2,834  will  be 
the  Quantity  of  Air  which  will  make  its  Efcape  thro’ 
the  Valve  of  the  Pifton;  which  in  this  Cafe  is  equal  to 
the  Column  of  Water  raifed. 

28.  The  Pifton  being  now  again  at  E,  upon  its  A- 
fcent,  it  will  permit  the  Column  of  Air  EC  — 9,166  to 
expand  itfelf  into  a  Space=i6 — 5,098  =  10,902;  and 
upon  defcending  it  will  comprels  the  Air  again  into 
9,166  Feet,  before  it  can  efcape.  To  do  this  the  Pifton 
muft  defcend  through  the  Space=i,736  ;  and  therefore 
4 — 1,736  =  2,264  is  the  Quantity  of  Air  that  will  be 
exhaufted'  the  2d  Stroke  ;  and  the  Column  of  remaining 
Air  EC  will  now  be  9,166 — 2,264  =  6,902  Feet.  And 
in  this  Manner  are  the  Numbers  found  for  every  follow¬ 
ing  Stroke, 


Hydraulics. 

H)  which  rifes  through  the  Glafs  Tube 
EF  immerfed  in  the  Water  of  a  Veflel  by 


2g.  Hence  ’fis  eafy  to  obferve,  that  whenever  the 
Space  thro’  which  the  pifton  muff  pafs  in  its  Defcent 
to  reduce  the  internal  Air,  by  Compreftion,  to  a  Den- 
fity  or  Spring  equal  to  the  external  Air ;  I  fay,  when 
this  Space  happens  to  be  greater  than  the  Length  of  the 
Stroke,  there  can  no  W ater  rife  in  the  Pump  ;  becaufe 
in  that  Cafe,  the  Air  will  be  no  farther  able  to  make 
its  Efcape  thro’  the  Valve  of  the  Sucker,  by  reafon  of 
the  greater  PrelTure  of  the  external  Air  upon  it. 

30.  When  this  is  the  Cafe  of  a  Pump,  Jet  x  be  the 
greateft  Height  to  which  the  Water  can  beraifed  in  it ; 
when  the  higheft  Elevation  of  the  Pifton  is  ay  the  low- 
eft  b ,  the  Prefture  of  the  Atmofphere  h,  and  a~b~p 
the  Stroke  of  the  Pifton,  as  before.  Then  when  the 
Pifton  is  down,  the  Space  in  which  the  Air  is  contain’d 
is  b — x  ;  and  when  up,  it  is  expanded  into  a — x:  its 
I _ 

Prefture  is  then  the - Part  of  what  it  was  before 


a—x 


that  is  of  the  Atmofphere ;  the  Weight  of  the  Water 

X 

being  the  other  Part,  viz.  — ;  and  both  together  being 


equal  to  the  Atmofphere,  we  have  - — A+  ~  —  j  • 

therefore  b  h — h  x-f-a  x — x2=a  h — h  x  ;  or,  a  x — x*rs 
ak- — bh—ph.  And  changing  the  Signs,  x 2 — ax  ~ 
—  pb  ;  and  compleating  the  Square,  xz  —  a  x  -j- 
\aa—^aa  —  pb;  wherefore  * — \az=:V  -'_a  a—p  h\ 
therefore  x  —  —  s/^aa— p  h-\-\  a. 

31.  Hence  if  the  Stroke  of  the  Pifton  and  its  Height 
above  the  Water  be  given,  we  know  the  greateft 
Height  to  which  the  W  ater  can  rife,  and  confequently, 
if  fuch  a  Pump  can  be  effe&ual.  For  Example,  let 
la  —  28,  b— 25  ;  then /)=3,  and  put/;=32  ;  then  a~ 
14  ;  that  is,  the  greateft  Height  to  which  the 
Water  can  rife=  14 — 10=4  Feet ;  for  the  other  Root, 
14+10—24,  is  impoftible,  becaufe  all  Heights  between 
4  and  24  will  be  too  great. 
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the  Preffure  of  the  Atmofphere  on  the 
Surface  thereof.  The  Water  of  the  Bar- 


32.  Again,  fuppofe  a  —  24,  b  —  20;  then,  p  —  4, 
and  h—Tji-y  x  —  r±r  4+ <2,  that  is,  *  —  12 — 4=18 
Feet,  the  greateft  Height.  ]f  a— 20,  Z>r=i6,  />=4  ; 
then  we  (hall  have  x  —  z±z  V ^  a  a  s—pb-\-  %  a  ~ 
v'  100 — 128+10=  + — 28+10.  Now  the  fquare 
Root  of  a  negative  Quantity  being  impoffible,  fhews  the 
Cafe  in  Quedion  has  no  Place  in  Nature,  or  that  here 
is  no  Space  between  x,  and  the  lowed  Situation  of  the 
Pidon.  Nor  can  there  ever  be  any  when  p  h  is  greater 
than  {aa,  the  Water  riling  to  the  Pidon  'in  all  thofe 
Cafes.  When  ±aa=pb,  then  V {aa — ph~ o  ;  and 


x—\a\  and  in  this  Cafe,  p—— ,  or^.  Thus  if 

b  4  b 

a— 16,  \  a— 8,  —Xy  the  greated  Height  the  Water 

will  rife  to,  and  —  =  2  Feet,  the  Length 

h  i  2 


of  the  Stroke. 

Note,  If  we  make  the  Fluxion  of  the  Equation 
xz — ax  — — t by  equal  to  o,  (viz.  2xx — ax~  0)  it  gives 
2.x— a,  or  x—  \  a ,  when  a  Maximuniy  as  before. 

33.  From  this  Theorem  we  learn  this  general  Rule 
concerning  Pumps,  That  no  Pump  can  raife  IVa  e'y  but 
when  the  Length  of  the  Stroke  of  the  Pifion  exceeds  the 
Square  of  the  highefi  Elevation  of  the  Pi/ion  divided  by 
128.  Thus  if  that  Elevation  be  1 6  Feet,  the  Square  of 
that  is  256,  which  divided  by  128,  quotes  2  ;  therefore 
the  lead  Stroke  of  the  Pidon  mud  be  greater  than  2 
Feet.  If  the  Elevation  be  20  Feet,  then  20X20— 400 


and^?  —3,13,  which  fhews  the  Elevation  of  the  Pi- 

120 

don  mud  be  in  tha,t  Cafe  greater  than  3,13  Feet.  If 


the  Elevation  be  12  Feet,  then  12X 12  —  144,  and 

128 

—  1,12,  which  is  lefs  then  the  lead  Length  of  the 
Stroke  pf  the  Pidon.  And  thefe  Things,  I  think,  finilh 
the  Theory  of  Pumps. 
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rel  T  V,  by  the  Depreffion  of  the  Pifton  R 
is  forced  through  the  fuperior  Canal  O  N, 

34.  Ilhall  now  proceed  to  the  Defcription  of  two  or 
three  mod  ufeful  Pumps,  but  firft  give  an  Account  of 
that  Sort  of  Valves  which  I  find  are  exceeding  good, 
and  ought  to  be  ufed  in  Pumps  and  all  Kinds  of  Water 
Engines  where  Valves  are  necefiary.  Let  A  B  CD  be 
the  Bucket  of  a  Pifton,  or  any  other  Part  where  a 
Valve  is  required  ;  in  the  Middle  there  is  a  circular  but 
tapering  Hole  from  Top  to  Bottom,  in  which  is  fitted 
the  tapering  or  conical  Piece  EFGH,  with  a  Piece  IK 
to  be  fcrew’d  in  and  out  of  the  Bottom  Part  H  I.  It  is 
to  be  fcrew’d  out,  when  the  faid  Solid  E  G  is  put  into 
its  Place  or  Hole  in  A  C;  and  afterwards  fcrew’d  in, 
when  the  Whole  together  appears  as  in  the  Figure 
L  M  N  O.  The  Piece  E  G  now  becomes  a  Valve,  or 
capable  of  permitting  the  Water  to  afcend,  and  to 
prevent  its  Defcent. 

35.  That  the  Water  pufhing  againft  the  Bottom  of 
the  Valve  will  raife  it  upwards,  is  evident  from  the  co¬ 
nical  Form  thereof,  and  its  lying  in  the  Hole  only  by 
its  own  Weight ;  the  Length  of  the  Key  at  K  being 
fufficient  to  permit  fuch  a  Rife  of  the  Valve,  as  will 
admit  a  Space  between  it  and  the  Hole  for  the  Water 
to  pafs  as  freely  as  required  :  And,  that  the  Valve  may 
not  be  thrown  quite  out  of  the  Hole,  the  crop  Piece  I 
is  added,  of  a  greater  Length  than  the  Diameter  of  the 
lowed  Part  of  the  Valve. 

36.  If  the  Valve  E  G  and  its  Socket  AC  be  of  Brafs, 
and  fitted,  by  grinding  them  with  Emery  firfl,  and 
Putty  afterwards,  with  a  Drill-Bow  into  each  other, 
they  will  not  only  be  Water-tight,  but  even  Air  tight; 
and  that  too  if  but  flightly  touch’d  with  fine  Emery  or 
Putty;  for  if  they  are  ground  to  a  Polifii,  the  Attrac¬ 
tion  of  Cohefion  will  take  place,  and  preventthe  Valve 
from  rifing  fo  freely  as  it  ought  to  do ;  yea,  fometimes 
thofe  Surfaces  have  been  found  to  cohere  fo  ftrongly, 
that  the  Force  of  the  rifing  Water  could  not  overcome 
it :  But  all  this  will  be  prevented,  and  every  thing  fuc- 
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to  enter  by  the  Valve  I  into  the  Air-Veffel 
abed ■,  and  the  like  being  done  alternately 


ceed  to  one’s  Wifh,  if  they  are  made  as  above  directed, 
as  I  have  learnt  by  long  Experience  and  trying  every 
Way. 

37.  The  Common  Sucking  Pump  (as  it  is  call’d) 
is  fo  far  deferibed  in  the  Theory,  that  fcarce  any  Thing 
more  can  be  faid  to  explain  it.  However,  I  have 
given  the  Figure  of  fuch  a  Pump,  in  which  A  is  the 
Ciflern,  A  B  the  Barrel  or  Pipe  {landing  in  the  Water 
E  F,  the  Pifton  G  D  with  its  Bucket  and  Valve  D, 
and  the  Valve  C  open  for  the  Afcent  of  the  Water 
through  it. 

38  A  Forcing  Pump  of  the  common  Sort  is  thus 
conftrufted  :  AB  is  the  Barrel  Handing  in  the  Water 
of  the  Well  or  Mine  at  B  ;  G  C  is  the  Pifton  ;  and  C 
a  folid  Piece  without  any  Hole  or  Valve,  becaufe  no 
Water  is  to  pafs  through  it,  as  in  the  other.  This 
Piece  ftiould  be  well  leather’d,  to  fit  the  Barrel  very 
nicely,  that  in  its  Motion  neither  Air  nor  Water  ftiould 
pafs  between.  At  a  Diftance  below,  a  Valve  with  its 
Diaphragm  is  fixed  in  the  Barrel,  as  at  D.  Between 
this  and  the  loweft  Situation  of  the  Pifton  C  there  goes 
off  a  Pipe  at  H,  in  which  there  is  fixed  a  Diaphragm 
and  Valve,  as  at  E.  Now  the  Pifton  being  drawn  up 
from  C  towards  A,  attenuates  the  Air  above  D,  by 
which  means  the  Water  rufties  into  the  Space  C  D  ; 
then  when  the  Pifton  is  forced  down,  as  the  Water 
cannot  repafs  at  D,  it  is  forced  to  afeend  into  the  Pipe 
at  H,  and  through  its  Valve  E  into  the  Ciftern  F, 
(which  may  be  fitnated  at  any  Diftance  above  the 
Pump)  from  whence  the  Water  will  run  off  by  the 
Spout. 

39.  A  Lifting  Pump  is  a  Forcing  Pump  of  ano¬ 
ther  Form  or  Stru&ure.  A  B  is  a  Barrel  fixed  in  a 
Frame  IK  L  M,  which  alfo  is  fixed  immoveable,  with 
the  lower  Part  in  the  Water  to  be  exhaufted.  G  E  Q_ 
H  O  is  a  Frame  with  two  ftrong  Iron  Rods,  moveable 
through  Holes  in  the  upper  and  lower  Parts  of  the 

by 


by  the  other  Barrel  W  X,  and  its  Pifton  S, 
the  Air-Veflel  is  by  this  means  continually 


Pump  I  K  and  L  M  ;  in  the  Bottom  of  this  Frame  Q_H 
is  fixed  an  inverted  Pifton  B  D,  with  its  Bucket  and 
Valve  upon  the  Top  at  D.  Upon  the  Top  of  the 
Barrel  there  goes  off  a  Part  E  R,  either  fixed  to  the 
Barrel,  or  moveable  by  a  Ball  and  Socket,  (as  here  re- 
prefented  at  F)  but  in  either  Cafe  fo  very  nice  and  tight, 
that  no  Water  or  Air  can  poffibly  get  into  the  Barrel, 
which  would  fpoil  the  Effett  of  the  Pump.  In  this 
Part,  at  C,  is  fixed  a  Valve  opening  upwards.  Now 
when  the  Pifton-Frame  is  thruft  down  into  the  Water, 
the  Pifton  D  defcends,  and  the  Water  below  will  rulh 
up  through  the  Valve  D,  and  get  above  the  Pifton  ; 
where,  upon  the  Frame’s  being  lifted  up,  the  Pifton 
will  force  the  Water  through  the  Valve  C  up  into  the 
Ciftern  P,  there  to  run  off  by  the  Spout.  Note,  this 
Sort  of  Pump  is  let  fo  far  in  the  Water,  that  the  Pifton 
may  play  below  the  Surface  of  it. 

40.  The  Mercurial  Pump,  or  that  which  works 
by  Quickfilver,  is  the  next  which  I  Ihall  defcribe.  It 
was  the  Invention  of  Mr.  Jojhua  Ho/kins,  and  brought  to 
its  prefent  Perfection  by  Dr.  Defaguliers ,  together  with 
his  Workman  Mr.  William  Vreem.  As  this  is  one  of 
the  moft  curious  of  modern  Inventions,  I  Ihall  be  a  little 
the  more  prolix  in  its  Defcription;  which  I  Ihall  give 
from  a  Model  that  I  have  made  to  explain  the  Nature  and 
Manner  of  working  in  this  Pump  to  thofe  who  attend 
my  Lectures  in  Philofophy.  This  Model  works  very 
well,  and  is  here  reprefented  in  its  real  Magnitude  in 
the  Figure. 

41.  AB  is  a  Ciftern  placed  on  the  Top  of  a  Brafs  p, 
Tube  P  O  Q_R,  open  at  each  End  P  R  and  O  Q.  To-  re¬ 
wards  the  upper  Part  of  the  Tube  at  F  is  inferted  (or 
folder’d)  a  curved  Pipe  F  G,  opening  into  the  Tube  at 

F  ;  and  in  the  End  G  is  cemented  a  Glafs  Tube  G  H, 
fixed  below  in  an  hollow  Box  L  K,  full  of  Holes  for 
the  Admiffion  of  Water,  into  which  it  is  immerfed. 

M  N  S  T  is  an  exterior  Tube,  open  at  the  Top  M  T, 
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filling  with  Water,  which  greatly  com- 
prefles  the  Air  above  the  Surface  of  the 

and  clofe  at  the  Bottom  NS;  in  which  Bottom  is 
firmly  fixed  another  hollow  Tube  VX  Y  W,  clofe  on 
the  Top  X  Y.  This  inner  Tube  may  be  a  folid  Piece 
of  Wood,  as  in  my  Model  it  is.  This  inner  Tube 
or  Cylinder  of  Wood  goes  up  into  the  Tube  Q_0  P  R, 
at  the  fame  Time  that  this  is  inverted  by  the  exterior 
T ube  M  N  S  1',  as  is  feen  in  the  Figure,  in  the  lower 
Part  of  the  Pipe  at  H  is  a  Diaphragm,  and  a  Valve  I, 
opening  upwards  for  the  Afcent  ot  Water  when  a  Va¬ 
cuum  is  made.  At  CD  in  the  main  Tube,  above  the 
Inlertions  of  the  Pipe,  is  another  Diaphragm  and  Valve 
E,  opening  upwards  alfo  to  give  Partage  for  the  Water 
in  the  forcing  Part  of  the  Stroke. 

42.  The  conflituent  Parts  of  the  Pump  being  thus 
deferibed,  we  are  next  to  view  the  peculiar  Manner  of 
working  by  Quick/iluer,  which  for  thatPurpofe  is  pour’d 
into  the  exterior  T ube  M  S,  which,  when  applied  to 
the  Pump  in  its  Place,  will  be  made  to  rife  in  two  cy- 
lindric  Shells ;  one  about  the  Tube  of  the  Pump  out¬ 
wardly  ;  the  other  within,  about  the  innermolt  Tube 
or  Plug  X  Q_,  as  reprefented  in  the  Figure  at  a,  b,  and 
r,  d.  At  the  Bottom  there  is  but  one  cylindric  Shell, 
becaufe  the  middle  T ube  does  not  reach  the  Bottom, 
leaving  the  Space  VOWQ. 

43.  From  this  Account  ’tis  eafy  to  obferve,  that  the' 
Part  C  O  Q_D  anfwers  to  the  Barrel  of  the  Common 
Pump,  F  G  H  to  the  Pipe,  the  inner  Tube  X  Q_  to  the 
Pifton,  and  the  Quickfilver  at  Bottom  to  the  Leathers 
of  the  common  Pirton  ;  for  it  prevents  all  Communi¬ 
cation  of  the  external  Air  and  internal  Part  of  the  Bar¬ 
rel,  where  the  Vacuum  is  to  be  made.  Whence  ’tis 
evident,  that  upon  fi  tting  down  the  outer  Tube  M  S, 
it  carries  down  the  inner  Tube  X  Q  at  the  fame  Time, 
and  makes  a  larger  Space  in  the  Barrel  and  Pipe,  in 
which  the  Air  will  be  expanded  or  become  rarer,  and 
its  Spring  thereby  weakened.  In  conl^quence  of 
this,  the  Wat«r  will  rife  through  the  Valve  at  I  into 

Water 


Water  in  the  VeJTel,  and  thereby  propor- 
tionably  augments  its  Spring ;  which  at 

the  Pipe,  and  alfo  the  Mercury  will  rife  in  the  inner 
Shell  by  the  PrefTure  of  the  Air  on  the  outer  Shell,  till 
the  Equilibrium  be  reftored  :  And  the  Height  of  the 
Water  raifed  will  be  nearly  14  Times  as  great  as  that 
of  the  Mercury. 

44.  When  the  Tube  S  M  is  raifed  again,  the  Air 
will  be  comprefs’d  within  the  Barrel ;  and,  its  Sprint 
increafing,  it  will  a&  upon  the  Water,  the  Mercury  of 
the  inner  Shell,  and  the  Valve  E  ;  the  Water  above 
the  Valve  I  it  cannot  move,  becaufe  of  the  Valve  being 
{hut  below ;  its  whole  Force  is  therefore  fpent  on  the 
Mercury,  and  Valve  E  ;  it  will  a  &  on  the  inner  Shell 
of  Mercury,  and  drive  it  down  to  the  Level  of  that 
jn  the  outer  Shell,  as  at  ab,  c  d;  and  then  the  PrefTure 
will  be  every  where  equal,  viz.  on  the  inner  and  outer 
Shell,  and  on  the  Valve  E;  as  the  Tube  after  this 
continues  moving  up,  the  Air  will  be  farther  com¬ 
prefs’d,  and  its  Springs  made  greater  than  that  of  the 
outward  Air,  which  therefore  it  will  overcome,  and 
fo  thruft  up  the  Valve  E,  till  fo  much  has  efcaped  as 
leaves  the  Remainder  of  an  equal  Tenour,  or  in 
Equilibria  with  the  Atmofphere.  The  two  Shells  of 
Mercury  will  be  upon  a  Level  all  the  while  the  Air  is 
going  through  the  Valve,  becaufe  the  PrefTure  is  not 
greater  within  than  without. 

45.  By  repeating  the  Operation  a  fecond  Time,  the 
Air  will  be  farther  rarified,  and  the  Water  will  again 
rife  in  the  Pipe;  and  thus  on  till  the  Pipe  and  Barrel 
be  full  as  in  the  common  Pump  ;  and  hence  ’tis  evident 
all  thofe  Theorems  raifed  in  the  preceding  Articles, 
are  equally  applicable  here  as  there.  This  Pump  made 
at  large  for  Ufe,  fhould  have  the  following  Dimen- 
fions  :  The  Length  of  the  outer  Tube  MN  =  30 
Inches;  of  the  inner  Tube  X  O  31  Inches;  the 
Diameter  of  the  inner  Tube  X  Y  or  QO  6  Inches  j 
the  Thicknefb  of  the  outer  Tube  =  ^  of  an  Inch, 
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length  is  fo  far  increafed,  as  to  re-act  with 
great  Force  on  the  Surface  Y  Z  of  the  fub- 


of  the  middle  one  rl^of  an  Inch,  and  of  the  inner  one, 
TVo  of  an  Inch,  and  the  Bottom  of  the  Tube  Z  O  to 
come  within  an  Inch  of  the  Bottom  N  S  of  the  outer 
Tube. 

4  6-  Thefe  Dimenfions  afford  fufficient  Strength  if 
the  Tubes  or  Barrels  are  made  of  Copper,  or  caft 
Iron,  and  of  fuch  a  Diameter,  that  the  Diftance  be¬ 
tween  each  may  be  {  the  Tenth  of  an  Inch  ;  and  this 
(hould  be  nicely  effected  by  having  the  Tube;  truly 
turned  in  a  Lathe.  A  tranfverfe  Sedtion  of  a  Part  of 
the  Circumference  of  thofe  Tubes,  their  Thicknefles, 
and  Spaces  between,  you  fee  reprefented  in  the  Fig.  2. 
where  A  B  is  the  outer,  C  D  the  middle,  and  E  F  the 
inner  Tube.  The  Spaces  between  are  fo  narrow,  be- 
caufe  otherwife  too  great  a  Quantity  of  Quickfilver 
would  be  necefiary,  and  yet  of  noUfe;  becaufe  Fluids 
prefs  only  according  to  the  Altitude,  and  not  the  Quan¬ 
tity. 

47.  If  now  every  Part  be  fitted  for  Work,  and  Mer¬ 
cury  poured  into  the  Height  of  24  Inches,  as  fhewn 
by  a  N  S  d ;  and  the  Barrel  and  Pipe  fill’d  with  Water, 
fo  that  the  whole  Pump  be  full,  and  in  Equilib7-io  with 
the  Atmofphere;  if  the  outer  Tube  M  S  be  moved 
down  through  the  Space  of  14  Inches,  at  the  Com¬ 
mencement  of  the  Motion,  th t  Equilibrium  in  the  Pump 
is  deftroyed  by  the  greater  Space  which  would  enfue 
upon  the  Defcent  of  the  inner  Tube  X  Q_,  and  which 
cannot  be  fuffered,  becaufe  of  the  Preflure  of  the  Air 
on  the  Water  at  H,  and  on  the  Mercury  in  the  outer 
Shell  at  <7,  d.  And  becaufe  thefe  Preflures  of  the  Air 
outwardly  at  H  and  a  are  equal,  but  there  is  not  an 
equal  Preflure  inwardly  on  the  Valve  I,  and  the  inner 
Shell  of  Mercury  b,  c  j  the  Valve  being  prefs’d  with  all 
the  Water  in  the  Pipe  above  it,  and  which  is  propor¬ 
tional  to  the  Altitude  C^;  and  the  Surface  of  the  Mer¬ 
cury  of  the  inner  Shell  at  b ,  c,  being  prefs’d  only  with 
the  Altitude  of  Water  C  b,  ’tis  plain  the  Water  will 
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jacent  Water;  which  afcending  through 
the  (mail  Tube  ef  to  the  Stop-Cock  eg,  is 

not  rufh  in  at  I  till  the  Prelfure  on  b ,  c,  becomes  equal 
to  it,  and  that  will  be  when  the  Height  of  the  inner 
Shell  at  b  is  greater  than  that  of  the  outer  Shell  at  a , 
by  near  TV  Part  of  the  Difference  of  the  Altitudes  b  g  ; 
and  then  the  Prelfure  being  equal  at  b  and  I,  upon  the 
Motion  of  the  Tube  X  Q  downwards,  the  Water  will 
be  forced  up  through  the  Valve  at  I,  and  the  Height  of 
the  Mercury  in  the  inner  Shell  will  always  exceed  that 
in  the  outer  Shell,  in  fuch  Manner,  that  the  Excefs 
will  be  about  X5  of  bg ,  or  the  Height  of  the  Point  b 
above  the  Water  at  H. 

48.  When  the  outer  Tube  is  in  its  loweft  Situation, 

the  Mercury  in  the  inner  Shell  will  be  nearly  at  the 
Top  X  Y  of  the  inner  one,  and  in  the  outer  Shell  it 
will  have  but  a  fmall  Height  as  a  O,  or  And 

when  the  Tube  M  S  is  drawn  up  again,  the  inner  Tube 
X  W  will  force  the  Water  in  the  Pump  to  a  cl  upon 
the  upper  Part  of  the  Valve  I,  the  under  Part  of  the 
Valve  E,  and  the  Surface  of  the  Mercury  at  b  in  the 
inner  Shell.  The  Valve  I  it  fhuts  clofe,  the  Valve  E 
it  endeavours  to  pufh  up  but  cannot,  till  it  has  firft  re¬ 
duced  the  Mercury  in  each  Shell  to  a  Level,  when  they, 
ballancing  each  other,  produce  an  Equilibrium  with  the 
external  Air  a&ing  equally  on  the  Surface  of  the  Mer¬ 
cury  in  the  outer  Shell  at  a ,  and  on  the  Valve  E.  Af 
ter  this,  as  the  Tube  M  S  continues  its  Motion  up¬ 
wards,  the  Mercury  will  rife  in  the  outer  Shell,  the 
Prelfure  now  on  the  inmoft  being  greateft.  And  for 
every  14  Feet  the  Water  is  forced  above  the  Surface  of 
the  inner  Shell  b,  the  Mercury  will  rife  in  the  outer  one, 
one  Foot, 

49.  Becaufe  the  Structure  of  this  Pump  makes  the 
Theory  of  its  Operation  not  quite  fo  eafy  and  obvious 
to  thofe  who  have  not  confider’d  it  very  thoroughly, 
(as  I  have  found  by  frequent  Experience  in  my  Lec¬ 
tures)  I  have  contrived  to  reprefent  it  more  plainly,  by 
a  Kind  of  Syphon  or  Pump  of  a  very  fimple  Form,  and 

there, 
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there,  upon  turning  the  Cock,  fuffered  to 
pafs  through  a  Pipe  h ,  fixed  to  a  Ball  and 

yet  a&ing  on  the  very  fame  Principles  as  this  complex 
Pump  under  Confideration.  The  Syphon  is  H  G  F  Z 
NS  M,  where  H  G  F  is  the  Water-Pipe  as  in  the 
Pump;  Z  N  reprefents  the  inner  cylindric  Tube,  and 
MS  ihe  outer  one  ;  O  F  Z  Q_  is  the  Barrel  in  which 
the  Pifton  V  X  moves  (which  is  a  Forcer,  or  without 
a  V alve,)  and  CR  a  Condu£t-Pipe  to  carry  away  the 
Water  forced  through  the  Valve  E.  In  all  this  it  is 
eafy  to  fee  the  Analogy  between  this  Syphon  and  the 
PI.  XX.  mercurial  Pump.  Its  Operation  likewife  is  the  fame. 

3>  50.  For  let  Mercury  be  poured  into  the  Legs  M  S 

and  4  to-  anci  2  N,  it  will  come  to  a  Level  at  a ,  b.  Now  fup- 
gether.  pQfe  the  other  Part  of  the  Syphon  full  of  Water,  and 
the  Pifton  raifed,  ’tis  plain  the  Water  at  H  cannot  open 
the  Valve  I,  till  a  Column  of  Mercury  be  raifed  in  the 
Leg  Z  N  above  the  Surface  of  that  in  the  outer  Leg 
M  S,  fufficient  to  balance  the  W'eight  of  the  Water  in 
the  Pipe  H  F,  then  will  the  Preflure  of  the  Air  be 
equal  upon  the  Water  H,  and  the  Mercury  in  the  Leg 
M  S  ;  and  as  the  Motion  of  the  Pifton  is  continued* 
the  Water  and  Mercury  will  continue  to  rife  with  equal 
Momenta ,  and  therefore  the  Mercury  will  rife  1  inch 
for  every  14  Inches  nearly,  till  the  Pifton  flops. 

51.  When  this  happens,  the  Surface  of  the  Mer¬ 
cury  in  the  Leg  Z  N  will  be  at  c,  and  that  in  the  Leg 
MS  at*/;  and  now,  if  the  Pifton  be  pufhed  down 
again,  it  will  caufe  the  Water  to  fhut  the  Valve  I, 
and  to  adl  on  the  Mercury  at  c ,  and  on  the  Valve  at  E, 
but  the  Prefliire  of  the  Air  at  E  will  not  fuffer  the 
Valve  to  rife  till  the  Preflure  there  be  greater  within 
than  without,  which  it  cannot  be  till  the  Surface  of 
Mercury  in  the  outer  Leg  M  S  be  higher  than  that  in 
the  inner  one;  wherefore,  before  the  Valve  E  can  open, 
the  Mercury  in  each  Leg  muft  come  again  to  the  Level 
a,  b ;  after  which,  the  Mercury  will  rife  in  the  outer 
Leg  M,  fo  as  to  be  always  in  Equilibria  with  the  Wa¬ 
ter  in  the-  Condu£t-Tube  R  C,  and  the  Part  C  e  of 

Socket , 
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Socket ,  from  the  Orifice  of  which  it  Hues 
i  with  a  great  Velocity,  to  a  very  great 

the  inner  Leg;  fuppofing  the  Mercury  now  ftands  at  e 
in  that,  and  at  /in  the  other:  And  then  the  faid  Height 
of  the  Water  will  be  nearly  14  times  the  Height  d f> 
or  ce.  I  think  all  this  is  very  eafy  to  underftand  from 
the  common  Principles  of  Hydroftatics,  and  if  this  be 
underftood,  the  Nature  of  the  Pump  muff,  as  being 
the  very  lame  Machine  with  a  different  Difpofition  of 
its  Parts. 

52.  From  this  Theory  of  the  mercurial  Pump,  ’tls 
eafy  to  infer,  that  in  conftrufling  one,  the  Part  ZFOQ 
ought  to  be  placed  in  the  Middle  of  the  Height  from 
the  Water  H  to  be  railed,  to  the  Ciftern  AB  which 
receives  and  delivers  it;  or  more  nicely,  the  level  Sur¬ 
face  abed  of  the  Mercury  when  the  Pump  is  full,  and 
juft  going  to  work,  ought  to  be  in  the  middle  Point  of 
the  Line  P^  ;  the  reafon  is,  becaufe  in  the  Defcent  and 
Afcent  of  the  Tube  M  S,  the  Differences  between  the 
Altitude  of  the  outer  and  inner  Shells  a  d  and  c  b  are 
equal,  and  in  each  Cafe  a  14th  Part  of  the  Height  of 
the  Water  below  or  above  it. 

53.  Suppofe  the  whole  Height  from  the  Water  to 
the  Pifton  be  P^  =  6oFeet;  then  a?  ~  a  g— 

Feet,  or  ;6o  Inches;  then  alio  14)360(26  nearly,  that 
is,  the  Difference  of  the  Altitudes  in  the  mercurial 
Shells  will  be  about  26  Inches.  The  Place  there¬ 
fore  where  they  ought  to  be  on  a  Level  is  at  leaft  1 ; 

•  Inches  below  M,  or  the  Quickfilyer  mull  never  be  poured 
in  to  a  Height  N  a  greater  than  about  15  or  16  Inches, 
or  17  at  moft.  If  the  Height  P^  be  greater  than  60 
Feet,  the  Tubes  MS,  &c.  muft  be  proportionabiy 
enlarged.  J 

54 •  To  compute  the  Quantity  of  Quickfilver  in  the  pi 
Shells;  let  A  C  B  D  be  the  Area  of  the  Top  of  the  Fio- 
inner  Tube  X  Y,  and  E  PI  F  G  the  Area  of  the  Surface  S' 
of  the  inmoft  Mercury  Shell  furrounding  it ;  then  be¬ 
caufe  AB  -  6  Inches,  we  have  ABJX  0,7854  =  36 
|  ^  °>7%54  —  28,274  =  the  Area  of  the  Circle  A  DBC. 

Height 
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Height  or  Diftance,  in  a  fmall  continued 
Stream,  directed  every  way,  or  to  any  par- 


Again,  fince  the  Diameter  E  F  is  6,1,  the  Area  of  the 
Circle  EHFG  will  be  E  F1  X  0,7854  =  29,294  ;  but, 
29,224  —  28,274  —  0,95  of  an  Inch,  the  Area  of 
the  annular  Surface  of  Mercury  ;  wherefore  26  X  95  = 
24,7  the  cubic  Inches  of  Mercury  contained  in  26 
Inches  Altitude  of  the  inner  Shell ;  which  as  it  is  Iefs 
than  the  Area  of  the  Plug  58,274;  Ihews  that  before 
the  outer  Tube  M  S  can  defcend  one  Inch,  the  Water 
will  begin  to  rife  to  H,  near  30  Feet  below. 

55.  Alfo  becaufe  the  Circumferences  of  Circles  are 
as  their  Diameters,  and  the  Diameters  of  thefe  Shells 
are  as  6,1  to  6,36  (Art.  45.)  therefore  6,1  :  6,36  :: 
0,95  :  0,99  or  1  Inch  ;  that  is,  every  Inch  of  Altitude 
in  the  exterior  Shell  is  1  cubic  Inch,  and  therefore  when 
the  Tube  MS  (in  the  forcing  Stroke)  has  defcended 
near  1  Inch,  the  Water  will  force  up  the  Valve  E,  the 
Mercury  then  being  about  26  Inches  high  in  the  outer 
Shell. 

56.  If  the  Water  be  but  30  Feet  below  the  Ciftern, 
the  Heights  of  the  mercurial  Shells  will  then  be  but 
half  as  great  as  before,  viz.  13  Inches  one  above  the 
other;  and  then  12,35  out”0  Inches  of  the  inner  Shell 
will  equal  1 3  Altitude,  which  therefore  will  rife  with  a  lefs 
Defcent  than  \  an  Inch  of  the  Tube  M  S,  in  the  inner 
Shell,  and  of  Afcent  in  the  outer  Shell.  Therefore  if 
the  Stroke  or  Defcent  of  the  Tube  M  S  be  15  Inches, 
there  will  be  lefs  than  a  30th  Part  of  the  Stroke  loft, 
or  a  30th  Part  of  the  Labour  bellow’d  in  Pumping. 
And  if  the  Mercury  Shells  were  but  half  as  thick  as 
here  fuppofed,  the  Part  of  the  Labour  loft  would  be 
but  -bs  of  the  Whole,  which  is  far  lefs  than  in  any 
other  Pump  of  this  Kind. 

57.  Since  the  Area  of  the  Pifton  XW  is  28,274 
Inches,  therefore  every  Inch  of  its  Motion  raifes  the 

Parts  of  a  Gallon,  or  the  — ■  Parts  of  an 
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Hoglhead  ;  that  is,  28, 274)  17 766(=  628,4  Inches  of 

Motion 
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Motion  for  an  Hogfhead.  Hence  52  tV  Strokes,  each 
12  Inches,  will  raife  one  Hogfliead.  And  this,  if  the 
I  Weight  be  not  greater  than  10  Feet  to  which  the  Wa¬ 
ter  is  raifed,  may  be  done  by  an  able  Man  in  one  Mi¬ 
nute,  working  fo  as  to  be  able  to  hold  it  all  Day ;  as 
has  been  found  by  Experience.  And  therefore  this  is 
to  be  looked  upon  as  the  greateft  Effect,  which  Per- 
i  fons  can  expert  from  any  Hydraulic  Engine,  to  raife 
Water  of  any  Kind  whatsoever,  unlefs  he  can  invent 
fomething  more  compleat  and  perfed  in  this  Kind,  than 
the  Pump  we  have  now  been  defcribing. 

58.  Another  excellent  Pump,  of  the  lifting  Sort,  is 
the  Invention  of  Mefl'rs.  Gofjet  and  de  la  Dcnille ,  and  fet 

L| up  in  the  King  of  France's,  Garden  at  Paris.  This 
Pump  has  this  Peculiarity,  that  its  Pifton  works  without 
Fridion.  The  P'orm  and  Strudure  thereof  is  as  fol¬ 
lows  :  ABCDEFGHIKL  is  a  Sort  of  Box  in- 
clofing  the  Pifton.  This  Box  confifts  of  two  Parts, 
| the  upper  A  B  C I  K  L,  and  the  under  one  D  E  F  G  H, 
which  {hut  upon  each  other.  The  Pifton  within  is  a  b, 
land  is  a  circular  Piece  of  Wood,  about  the  Circumfe- 
Ijrence  of  which  is  nail’d  a  Piece  of  well  feafoned  Lea¬ 
ther,  of  a  circular  Form,  and  fo  wide,  that  when  the 
IjPifton  is  placed  at  the  Bottom  of  the  Box,  the  Leather 
[imay  lie  over  the  Sides  thereof  at  D  H  all  around  ;  the 
(Pifton  and  Leather  thus  placed  on  the  upper  Part,  is 
[iforced  down  upon  the  Leather,  and  then  both  Parts 
I'fcrew’d  very  fail  together.  The  Manner  of  which  is 
very  eafy  to  apprehend  from  the  Figure,  where  i gf  d  h  k 
is  the  Leather  going  from  the  Pifton  through  the  Join- 
*  ture  of  the  Box. 

59.  Upon  the  upper  Part  of  the  Pifton  is  fixed  a  cir¬ 
cular  (or  any  figured)  Piece  of  Iron  or  Wood,  denoted 
by  d  e  f,  in  the  Top  of  which,  at  e ,  is  fixed  the  Rod 
of  the  Pifton  Q_C,  by  which  the  Pifton  is  drawn  up 
towards  the  upper  Part  of  the  Cavity  In ,  and  from 
thence  forced  down  again  in  working  the  Pump.  Now 
ias  the  Diameter  of  the  Pifton  is  lefs  than  that  of  the 
Cavity,  it  is  plain  that  in  its  Motion  up  and  down,  no 
Fridtion  can  happen,  as  there  are  no  Parts  for  it  to  rub 

I  againft,  which  is  occafioned  by  the  Contrivance  of  iuf- 
pending  it  on  the  Leather. 

!  Voi.  II.  F 
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60.  In  the  bottom  Part  is  fixed  a  Pipe  F  O  to  bring  ji 
up  the  Water  from  the  Mine  or  Well  at  O,  which  it 
delivers  into  the  Box  by  a  Valve  at  c.  In  the  Middle 
of  the  Pifton  is  likewife  another  Valve  m  opening  up¬ 
wards.  A  L  M  N  is  a  T ube  or  cylindric  Pipe,  in  which 
the  Water  is  raifed  to  a  Ciftern  to  run  off.  ’Tis  eafy  to 
obferve,  that  as  the  Pifton  is  drawn  up,  the  Water  will 
run  in  beneath,  through  the  Valve  r,  to  prevent  a.  Va¬ 
cuum  •,  and  alfo,  that  when  the  Pifton  is  forced  down,  3 
the  Water  in  the  lower  Parts  muft  be  forced  up  through 
its  Valve,  and  when  the  Pifton  is  raifed  again,  the 
Water  above  it  will  be  forced  up  the  Pipe  AM  to 
the  Ciftern. 

61.  Another  Thing  peculiar  to  this  Pump  is,  the 
Shortnefs  of  the  Stroke  of  the  Pifton,  which  is  com-  1 
penfated  by  the  largenefs  of  its  Area,  and  the  greater 
Number  of  Strokes  that  may  be  made  in  the  fame  J 
Time.  The  oply  Obiedlion  to  this  Pump  is,  that  it  is  1 3 
always  charged  with  the  Weight  of  fo  much  Water,  as 

is  equal  to  a  Column  of  Water,  whofe  Bafe  is  equal  )( 
to  the  Area  of  the  Pifton,  and  the  Height  equal  to  that 
of  the  Refervoir  above  it,  as  is  evident  from  what  we  l 
have  faid  in  explaining  the  Hydrojlatic  Paradox.  So 
that  the  T ube  ALMN  has  no  Advantage  in  being 
fmall,  unlefs  any  particular  Circumftance  or  Conveni- 
ency  require  it. 

62.  Archimedes’s  Screw  deferves  a  Confideration,  t 
*  not  only  for  its  Antiquity,  but  its  Ufefulnefs  in  raifing 

Water.  It  confifts  of  a  long  Cylinder,  with  an  hollow 
Pipe,  Tube  or  Groove  coil’d  about  it,  as  reprefented 
in  the  Figure ;  where  the  Cylinder  is  A  B,  and  the  ' 
Tube  C  D  open  at  each  End.  It  is  placed  in  an  oblique 
Pofition  to  the  Horizon  with  the  lower  End  in  the  Wa¬ 
ter  to  be  pump’d  away,  the  other  End  being  fupported 
on  the  lower  Part  of  the  Winch  IK,  by  which  the 
Screw  and  Cylinder  is  turned  round. 

6^.  As  foon  as  the  Screw  is  immerfed  in  the  Water, 
it  immediately  rifes  therein  by  the  Orifice  C,  to  the 
Level  of  the  Surface  of  the  Water  E  F,  and  if  the 
Point  of  the  Helix  or  Spiral,  which  in  the  Beginning  of 
the  Motion  is  coincident  with  the  Surface  of  the  Water,  1 
happens  not  to  be  on  the  lower  Side  of  the  Cylinder, 

the 
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the  Water  will  upon  the  Motion  of  the  Screw  move  on 
in  the  Helix,  till  it  comes  to  the  Point  which  is  on  the 
under  Side,  and  coincident  with  the  watery  Surface  ; 
when  it  is  arrived  to  that  Point,  which  fuppofe  at  O,  it 
cannot  afterwards  pofl'efs  any  other  Part  of  the  Spiral, 
than  that  which  is  upon  the  loweft  Part  of  the  Cylin¬ 
der,  for  it  cannot  move  from  O  towards  H  or  G, 
becaufe  they  are  fituated  higher  above  the  Horizon ; 
and  fince  this  will  ever  be  the  Cafe,  after  the  Surface 
of  the  Water  in  the  Helix  has  attained  the  Point  O, 
it  is  plain  it  muft  always  be  on  the  under  Side  of  the 
Cylinder. 

64.  But  fince  the  Cylinder  is  in  Motion,  every  Part 
of  the  fpiral  Screw  from  O  to  D,  will  by  Degrees  fuc* 
ceed  to  the  faid  under  Part  of  the  Cylinder  ;  the  Water 
therefore  in  the  Helix  muft  fucceed  to  every  Part  there¬ 
of,  from  O  to  D,  as  it  comes  on  the  lower  Side  ;  that 
is,  it  muft  afcend  on  the  lower  Part  of  the  Cylinder 
thro’ all  the  Length  of  the  Pipe,  till  it  comes  to  the  Ori¬ 
fice  D,  whtre  it  will  run  out,  as  having  nothing  far¬ 
ther  to  fupport  it.  Hence  it  appears,  how  much  thofe 
Gentlemen  are  miftaken,  who  (affeding  the  Wonder¬ 
ful)  fay,  that  the  Water  afcends  by  defending  ;  whereas, 
if  they  would  have  made  the  moft  of  the  W onder,  they 
might  have  faid  truly,  that  the  Water  afcends ,  becaufe  it 
cannot  afcend ,  i.  e.  that  it  afcends  one  way,  becaufe  it 
cannot  afcend  another;  but  then  the  Wonder  is  loft. 

65.  I  obferve  farther,  with  refped  to  Pump- Work, 
that  no  fingle  Pump,  though  perfectly  tight,  will  raife 
Water  by  a  Pifton  playing  at  a  greater  Diftance  than 
32  or  33  Feet;  and  even  then  the  Stroke  of  the  Pifton 

JL  a  a 

muft  be  more  than  8  Feet  (for  fince  -■  ■  -  =  p  —  8  Feet, 

than  a  =  32  =  h.  See  Art.  30,  31,  33.)  I  fay,  no 
Pump  will  raife  Water  to  a  greater  Height  than  32  Feet 
by  a  fingle  Pifton  only  ;  nor  can  this  be  remedied  by 
feveral  Valves  in  the  Pipe  below  the  Pifton,  as  fome 
Gentlemen  have  pretended. 

66.  For  let  A  B  be  the  Barrel  of  a  Pump,  G  F  the  pj  XXI 
.Pifton,  B  E  a  Pipe  going  from  the  Barrel  to  the  Water  p- 

at  E,  60  Feet  below  it;  and  let  B,  C,  D,  E,  be  4 
Valves  placed  in  the  Pipe  at  20  Feet  Diftance  from  each 

F  2  other. 
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other.  Now  when  the  Pifton  is  drawn  up  from  B  to  F, 
a  Vacuum  will  be  made  between,  but  the  Valve  B  will 
not  rife  by  the  Water  below  it;  for  the  Water  in  the 
Part  B  C  cannot  rife  itfelf,  much  lefs  can  that  in  the 
Part  C  D  below  it,  as  being  prefs’d  with  the  Weight  of 
the  Column  above,  and  its  own  Weight  downwards, 
therefore  no  Part  of  the  watry  Column  B  F  can  move 
of  itfelf,  or  by  itfelf.  Now  no  Power  can  be  applied 
any  where  but  at  E  to  mofe  the  whole  Column ;  nor 
can  the  whole  be  moved  without  raifing  all  the  Valves 
at  once ;  therefore  the  Power  able  to  raife  the  Valve  at 
E,  and  confequently  the  Valve  at  B,  muft  be  able  to 
overcome  the  Preflure  of  a  Column  of  Water  60  Feet 
high  :  But  the  Air  can  fuftain  a  Column  only  of  33 
Feet  high  ;  therefore  the  Air  cannot  raife  the  Valve  E, 
nor  any  of  the  reft;  therefore  the  Water  cannot  rife  in 
the  Barrel  A  B  of  a  ftngle  Pump. 

67.  However,  we  may  raife  Water  by  a  compound 
Pump,  fuch  as  is  reprefented  in  the  Figure,  where  A 
is  the  Rod  of  the  Pifton,  which  at  B  is  divided  into 
two,  one  of  which  goes  to  the  Barrel  D  E,  and  draws 
up  the  Water  from  the  Ciftern  E  F  ;  the-  other  Part 
B  C  goes  down  to  the  faid  Ciftern,  where  it  is  divided 
at  C  into  two  other  Parts;  one  going  to  the  Pump  F G, 
fupplies  the  Water  to  the  Ciftern  EF;  the  other  Part 
C  H  goes  to  another  Pump  I  K  below,  and  draws  up 
the  Water  from  K  to  the  Ciftern  HI.  Now  thefe 
Pumps  all  working  at  once,  will  draw  Water  from 
any  Depth,  provided  each  Pump  does  not  exceed  32 
Feet  in  Height. 

68.  I  ftiall  conclude  this  Subjeft  with  an  Account  of 
one  other  Method  of  railing  Water,  by  the  natural 
Agency  of  Heat  and  Cold  only.  It  is  as  follows,  A  B 
C  D  is  a  pretty  large  Veflel  filled  with  Water  to  the 
Height  E  F,  the  Space  above  being  poflefs’d  of  Air. 
On  the  upper  Part  of  the  Veftel  is  a  tall  Tube  inferted 
G  H,  and  defeends  below  the  Surface  of  Water  to  K. 
On  the  nether  Part  is  another  Tube  or  Pipe  I  W.  In 
each  Tube  is  a  Valve  opening  upwards,  as  at  I  and  G. 
The  Body  of  this  Inftrument  being  nicely  clofed  every 
where,  fo  that  no  Air  can  efcape,  and  placed  with  the 
lower  End  in  the  Water  W,  and  thus  continued  in  the 
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ticular  Place,  by  means  of  the  Ball  and 
Socket  (LXXIX.) 


I  hot  Sun  of  a  Summer’s  Day,  the  Air  will  be  rarified 
by  the  Heat  of  the  Sun  in  the  upper  Part,  and  will 
j  comprefs  the  fubjacent  Water,  and  force  it  up  through 
i  the  Valve  G  into  uthe  Tube  G  H,  and  by  the  Cold  of 
the  following  Night  it  will  be  condenfed  again,  and 
i  then  the  Preffure  of  the  Atmofphere  will  force  the  Wa¬ 
ter  at  W  up  the  Pipe  W  I,  to  replenifh  the  Veffel  each 
i  Day.  And  in  this  Manner  may  Water  be  railed  in  a 
confiderable  Quantity  in  the  Summer  Time,  or  in  very 
hot  Climes. 

69.  By  fuch  a  Contrivance  as  this,  feveral  curious 
!  Effects  may  be  produced.  Thus  if  a  cylindric  Cover 
,  be  annexed  to  the  top  Part  of  fuch  a  Veffel  (diverted 
of  its  Tubes,)  it  may  be  raifed  to  colledt  the  Sun  Beams 
at  Noon  on  the  Top  of  the  Veffel,  which  will  fo 
greatly  rarify  the  Air  within,  as  to  make  it  produce  a 
confiderable  Stream  of  Water  through  a  fmall  Adjutage 
!l  in  the  Side  thereof ;  which  Stream  may  fall  on  a  Wheel 
|  to  play  an  Organ  at  Dinner,  &c.  Thus  alfo,  an 
Image  may  be  made  to  weep  in  the  Sun-Beams,  or  at 
the  Approach  of  Fire  j  with  other  Devices  of  the  like 
]  Kind. 

(L^C^ffX. )  *1  he  greateft  Artifice  of  this  Engine  is  pj 
|  its  Contrivance  to  produce  a  continual  Stream,  which  T 
is  done  by  Compreffion,  and  Elafticity  of  Air  in  the^1®'  1  ’ 
Barrel,  called  vhe  Air  Veffel  abed.  For  the  Air,  be- 
ing  an  elaftic  Fluid,  will  be  capable  of  Compreffion  in 
any  Degrees  by  the  Water  forced  in  through  the  Valves 
at  I,  K ;  and  fince  the  Force  of  the  Air’s  Spring  will 
always  be  inverfely  as  the  Space  which  it  poffeffes, 

:  j  (as  will  be  fbewn)  it  follows,  ihat  when  the  Air  Vef¬ 
fel  is  half  full  with  Water,  the  Air  will  be  comported 
into  half  the  Space  it  poffefs’d  at  firrt,  and  therefore  its 
!  Spring  will  be  twice  as  great  as  at  firrt. 

2.  But  this  Spring  at  firrt  was  equal  to  the  Preffure 
1  |  of  the  Atmofphere  •,  for  if  it  was  not,  it  could  not 
fiave  fuftain’d  or  refilled  the  Preffure  of  the  Atmofphere 
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There  is  another  Sort  of  Engine  for 
raifmg  Water,  which  works  by  Fire,  in 


which  ftood  over  it,  and  confequently  could  not  have 
fill’d  the  Veftel  before  the  Water  was  driven  in  ;  which 
yet  we  find  it  did,  and  mantain’d  an  Equilibrium  with 
the  common  Air.  The  Veftel  then  being  half  fill’d 
with  Water,  or  the  Air  comprefled  into  half  the  firft 
Space,  its  Spring  will  be  in  this  Cafe  equal  to  twice 
the  PrefTure  of  the  Atmofphere  ;  and  therefore  when 
the  Stop-Cock  at  p  is  turned,  the  Air  within  preffing 
on  the  fubjacent  Water  with  twice  the  Force  it  meets 
with  from  the  external  Air  in  the  Pipe  e  /,  will  caufe 
the  Water  to  fpout  out  of  the  Engine  to  the  Height  of 
32  or  33  Feet,  if  the  Friftion  is  not  too  great. 

3.  7'hat  it  muft  fpout  to  that  Height  i-  evident  from 
hence,  that  only  one  half  the  Force  of  the  internal  Air 
is  fpent  in  overcoming  the  Refiftance  of  the  exter¬ 
nal  Air;  and  this  being  deftroy’d,  the  remaining  Half 
of  the  Force  will  be  exerted  in  projefting  the  Water, 
which  now  muft  be  confider’d  as  fpouting  in  Vacuo  (the 
Refiftance  of  the  external  Air  being  taken  away).  But 
in  Vacuo  Water  will  rife  to  the  Height  of  32  or  33 
Feet  (as  will  be  fhewn  hereafter)  by  the  PrefTure  of  the 
common  Air  ;  therefore  fince  the  remaining  half  Force 
of  the  internal  Air  is  equal  to  the  PrefTure  of  the  com¬ 
mon  Air,  it  muft  caufe  the  Spout  to  rife  to  the  Height 
of  32  or  33  feet ;  and  becaufe  the  Water  keeps  enter¬ 
ing  the  Veftel  as  faff  as  it  fpouts  out,  it  keeps  the  Air 
under  the  fame  Degree  of  Compreffion,  which  there¬ 
fore  muft  conftantly  aft  with  the  fame  Tenor  on  the 
Water,  and  produce  a  continual  Stream  to  the  fame 
Height. 

4.  When  the  Air- Veftel  is  |  full  of  Water,  the  Space 
which  the  Air  takes  up  is  ^  Part,  whence  its  Spring  will 
be  3  times  as  great  as  that  of  the  common  Air,  there¬ 
fore  it  will  now  projeft  the  Water  with  twice  the 
Force  of  the  Atmofphere,  and  therefore  to  the  Height 
of  64  or  66  Feet.  When  the  Air-Veftel  is  \  full  of 
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the  following  Manner.  A  B  C  is  a  Copper-  Pl-XXii. 
VelTel,  partly  fill’d  with  Water  to  D  E,  F's'2 


Water,  the  Air  will  be  comprefTed  into  i  Part,  and  fo 
will  protrude  the  Water  with  a  Force  equal  to  3  At- 
mofpheres,  and  therefore  to  the  Height  of  96  or  99 
Feet.  And  when  the  Vefiel  is  -f  full  of  Water,  the 
Air  will  take  up  f  Part,  andjwill  have  its  Spring  5  times 
as  ftrong  as  at  firft,  and  will  therefore  force  the  Water 
132  Feet  high. 

5.  Hence  ’tis  eafy  to  obferve  the  Law  by  which  the 
Spring  of  the  Air  will  a£t  on  the  Surface  of  the  Water 
below  it,  viz.  according  to  the  Numbers  in  the  Table 
bolow. 

Height  of 
the  Spout. 

33  Feet. 

66 

99 
l32 
1 6  5 

198 
231 
264 
297 

And  thus  for  any  greater  Degree  of  Comprellion. 

6.  As  the  Air-Veflel  is  the  Gaufe  of  the  continual 
Stream,  we  may  naturally  infer,  that  if  fuch  an  Air- 
Veffel  were  'adapted  to  the  Common  Hoiife  Pump ,  it 
would  then  become  a  Fire-Engine ,  or  very  ufeful  for 
extinguilhing  Fires  that  may  happen  in  or  near  the 
Houfe.  Now  this  may  be  effedted  in  a  Manner  either 

the  fame  with,  or  analogous  to,  that  which  follows,  pj  xjH 
A  B  C  D  is  the  Barrel  of  the  Pump,  P  H  the  Rod  and  pj"r  ^ 
Pifton,  CW  the  Pipe  going  down  to  the  Water  of  b 
the  Well  at  W.  Towards  the  lower  Part  of  the  Bar- 
rel  is  a  fhort  Tube,  by  which  the  Air-VelTel  F  E  is 
fixed  to,  and  communicates  with,  the  Barrel  of  the 
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which  being  fet  over  a  Fire,  and  made  to 
boil,  will  till  the  upper  Part  DBF  with  a 
vaftly  elaftic  Vapour,  the  fufficient  Strength 
whereof  is  known  by  its  forcing  open  a 
Valve  at  e:  This  healed  elaftic  Steam 
is,  by  turning  a  Cock  at  F,  let  into  the 
Barrel  ab  c  d,  where  by  its  elaiFic  Force  it  it 
raifes  the  Pitt  on  G,  which  drives  the  Air 
above  it  through  a  proper  Clack  at  the  r 
Top.  After  this,  that  the  Pifton  may  by 

Pump.  AMNL  is  a  Collar  of  Leathers  fo  fixed  on 
the  "Pop  of  the  Barrel,  and  adapted  to  the  Rod,  that  it 
may  move  freely  in  the  Leathers,  without  permitting  the 
Air  to  pafs  in  or  out  between.  The  Nozzle  or  Spout  f 
D  has  a  Stop-Cock  S  to  fhut  oft'  the  Water,  or  let  it 
pafs  out  as  required  Qjs  a  1  iece  fcrew’d  on  to  di¬ 
rect  the  Stream  by  a  fmall  pliant  Leathern  Pipe  at  the  N 
End.  _  ^ 

7.  Now  ’tis  plain,  when  the  Pifton  is  raifed  from  the 
Bottom  of  the  Pump  Barrel,  the  Water  above  it  will 
be  forced  into  the  Air  VefTel,  and  there  comprefs  the 
Air  (the  Stop-Cock  being  fhut)  ;  it  will  alfo  comprefs 
the  Air  on  the  Top  of  the  Barrel,  for  the  Water  will 
not  be  higher  than  the  Spout  D  at  firft,  when  the  Stop- 
Cock  is  fhut:  But  afterwards,  as  the  Airis  confin’d, 
it  will  be  comprefs’d  at  Top,  and  the  Water  will  rife 
to  i. 

8.  This  comprefs’d  Air,  in  each  Place,  will  a£t  upon 
the  Water  by  its  Spring,  and,  upon  turning  the  Stop- 
Cock,  will  force  it  out  in  a  continual  Stream,  through 
a  Pipe  at  Q_,  and  that  with  a  greater  or  Idler  Degree 
of  Force,  as  Occalion  requires,  that  being  abfolutely 
in  the  Power  of  the  Perfon  working  the  Pump.  T  his 
Invention  we  owe  to  Sir  James  Creed ,  one  of  the  very 
few  Votaries  which  the  Philofophic  Mufes  find  among 
Perfons  of  Quality  and  Fortune. 
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Its  Weight  defcend,  a  little  cold  Water, 
from  the  Fountain  f  g  h  /,  is  let  in  at  the 
Bottom  by  turning  a  Cock  at  k ,  which,  in 
Form  of  a  Jet,  condenfes  the  hot  Steam 
in  the  Barrel  into  13000  times  lefs  Space 
than  before  it  took  up,  which  makes  a 
fufficient  Vacuum  for  the  Pifton  to  defcend 
in.  The  Pifton  G,  and  Lever  H  I,  being 
thus  put  into  Motion,  do  accordingly  raife 
and  depr’efs  the  Pifton  K  in  the  Barrel  of 
the  forcing  Pump  L  M  on  the  other  Side ; 
yvhich,  by  the  Pipe  N,  draws  the  Water 
from  the  Depth  W,  and  forces  it  to  rife 
and  fpout  through  the  Tube  O,  continued 
to  any  Height  at  Pleafure.  This  Engine 
is  ufed  to  draw  the  Water  from  Coal- 
Pits  and  other  Mines.  Befides  thefe,  there 
are  various  other  Water-Engines  of  a 
more  complex  Structure  3  but  as  they  all 
adt  on  the  fame  Principles  with  thefe  two 
defcribed,  Tis  needlefs  to  fay  any  thing  of 
them  here  (LXXX,  LXXX1,  LXXX1I.) 

(LXXX.)  1.  The  Fire-Engine  is  the  moll  ad¬ 
mirable,  curious,  and  compounded  Machine  that  we 
find  among  all  thofe  whofe  Inventions  have  been  owing 
to  the  Difcoveries  of  Modern  Philofophy,  and  which 
affords  the  greateft  Advantages  to  Mankind.  The  Fire- 
Engine  is  of  two  Sorts,  which  I  fhall  here  give  the 
Theory  of,  and  Figures  of  each  according  to  the  lateft 
P^rfedtion  in  which  they  are  made.  The  Account  given 
above  being  only  in  relation  to  its  firft  State  and  original 
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Simplicity :  But  it  is  now  of  a  very  different  Form, 
though  a&ing  upon  the  fame  Principle,  as  will  appear 
from  the  following  hiftorical  Theory  thereof. 

2.  The  Marquis  of  Worcester,  in  his  Century 
tf  Inventions,  (printed  A.  D.  1663.)  is  the  firft  that  I 
know  of  who  propofed  raifsng  great  Quantities  of  Wa-  ’ 
ter  by  the  Force  of  Fire,  turning  Water  into  Steam;  t 
and  he  mentions  fome  Engine  of  this  Kind,  which  he  |j 
faw  play’d  a  continual  Stream  in  the  Manner  of  a  Foun-  = 
tain,  forty  Feet  high.  He  alfo  fays,  that  a  Perfon  at¬ 
tending  it  turn’d  two  Cocks ;  that  one  Veffel  of  Water 
being  confumed,  another  begins  to  force  and  re  fill  with  , 
Cold-Water;  and  this  alternately  and  fucceffively,  the 
Fire  being  tended  and  kept  conftant  by  the  fame  Per-  , 
fon  in  the  Interim  between  turning  the  Cocks. 

3.  Captain  Savery,  having  read  this  Account,  im¬ 
mediately  attempted  to  raife  Water  by  Fire,  and  was  f 
the  firft  who  ereded  an  Engine  for  this  Purpofe,  of  the 
Form  we  have  fince  had  them.  To  fecure  the  Inven¬ 
tion  to  himfelf,  he  bought  up  all  the  Marquis’s  Books 
that  he  could  find,  and  burnt  them  ;  and  then  gave  out 
that  he  difcover’d  the  Method  by  Accident.  He  made 
many  Experiments  to  bring  the  Machine  to  Perfe£lion, 
and  ereflcd  feveral  for  Gentlemens  Seats,  but  could  not 
fucceed  for  Mines,  the  Depth  from  which  Water  was 

to  be  raifed  from  thence  being  fo  great,  that  it  required 
the  Steam  too  dangeroufly  ftrong  to  be  attempted  in  his 
Way. 

4.  Thus  the  Progrefs  of  the  Engine  was  flopped,  till 
long  afterwards  Mr.  Newcomen  an  Ironmonger,  and  Mr. 
'John  Cowley  a  Glazier,  (both  Diffenters  of  the  Baptift 
Denomination  at  Dartmouth)  contrived  another  Way 
to  raife  Water  by  Fire,  where  the  Steam  to  raife  the 
Water  from  the  greateft  Depths  of  Mines  is  not  re¬ 
quired  greater  than  the  Preflure  of  the  Atmofphere ; 
and  this  is  the  prefent  Stru&ure  of  the  Engine,  and 
which  is  now  of  about  35  or  40  Years  Handing. 

5.  We  have  already  fhewn  ( Annot .  LXXV1II.  67.) 
that  Water  may  be  drawn  from  any  Depth  by  a  Com¬ 
pound  Pump.  Suppofe  the  Depth  =  150  Beet,  and  the 
Diameter  of  the  Pump-Barrel  at  p  be  7  |  Inches,  then 
the  Weight  of  a  cylindric  Column  of  Water  150  Feet 
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high,  and  y  f  Inches  Diameter,  will  be  about  3000  lb. 
If  now  the  Rod  of  this  Pump  were  hung  by  a  Chain  to 
the  End  of  a  Lever  h  b ,  as  at  H,  and  at  the  other  End 
;  another  Power  were  applied,  as  at  P,  with  a  fuperior 
Force,  the  Pump  might  be  worked,  and  the  Water 
raifed  by  that  Power. 

6.  Now  this  Power  cannot  be  human,  or  the  Strength 
of  Men;  for  it  will  require  100  Men  to  pull  down  the 
Beam,  each  pulling  with  a  Force  of  30$.;  and  100 
more  to  relieve  thefe  when  weary ;  for  the  Pump  in  a 
Mine  muft  not  ftand  ftill :  But  200  Men  would  be  too 
expenfive.  If  we  allow  Horfes,  (and  one  Horfe  equal 
to  five  Men)  there  muft  be  20  Horfes  working  at  a 
time,  and  20  more  to  relieve  thefe ;  which  great  Num¬ 
ber  of  Horfes,  though  lefs  expenfive  than  the  Men,  will 
be  found  too  great  an  Expence  for  moft  Mines  :  And 
neither  Men  nor  Horfes  would  be  able  to  give  more  than 
15  or  1 6  Strokes  in  a  Minute. 

7.  Some  other  Power  therefore  muft  be  applied  ; 
and  the  Philofopher  readily  offers  his  Service  with  his 
Air-Pump,  and  Preffure  of  Air.  His  Propofal  is  to  fix 
a  large  Barrel  or  Cylinder  C  C,  truly  bored,  about  8 
or  9  Feet  long  and  22  Inches  wide,  on  the  Top  of  his 
Air-Pump  ;  and  in  this  is  a  Pifton  well  leather’d,  whofe- 
Rod  L  is  faftened  to  a  Chain  fixed  to  the  End  of  the 
Lever  at  P.  Now,  fays  he,  allowing  15  lb.  of  Pref¬ 
fure  upon  every  fquare  Inch,  the  whole  Preffure  of  Air 
upon  fuch  a  Pifton  will  be  5800  lb.  which  is  near  twice 
the  Force  to  be  overcome.  But  this  muft  be  effected 
by  exhaufting  fo  large  a  Barrel  by  the  Air-Pump,  and 
which  he  cannot  do  more  than  twice  in  an  Hour;  fo 
that  he  can  produce  only  two  Strokes  in  the  Time  that 
960  are  neceffary  to  keep  the  Water  from  overflowing 
the  Mine. 

3.  But  though  the  firft  Expedient  fails,  he  makes  a 
fecond  Propofition,  and  that  fucceeds  ;  which  is  as  fol¬ 
lows.  B  is  a  large  Boiler,  whofe  Water  by  the  Fire 
under  it  is  converted  into  elaftic  Steam.  The  great 
Cylinder  C  C  is  fixed  upon  it,  and  communicates  with 
it  by  the  Pipe  D  d ;  on  the  lower  Orifice  of  which 
(within  the  Boiler)  moves  a  broad  Plate,  by  means  of 

the 
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the  Steam  Cock  or  Regulator  E  io,  flopping  or  open¬ 
ing  the  Paflage,  to  prevent  or  permit  the  Steam  to  pafs 
into  the  Cylinder,  as  Occafion  requires.  The  Diame- 
ter  of  the  Pipe  D  is  about  4  Inches. 

9.  The  Steam  in  the  Boiler  ought  always  to  be  a 

little  ftronger  than  the  Air,  that,  when  let  into  the 
Barrel,  it  may  be  a  little  more  than  a  Balance  to  the 
Preflure  of  the  external  Air,  which  keeps  down  the 
Pifton  at  the  Bottom  d n.  The  Pifton  being  by  this  , 
means  at  Liberty,  the  Pump-Rod  will,  by  its  great  ' 
Weight,  defcend  at  the  oppofite  End  to  fetch  a  Stroke  :  , 

For  the  Weight  of  70  or  80  Yards  of  Iron-Rod  amounts 

to  about  9  or  10  Hundred;  whereas  the  Pifton,  and 
other  Weights  at  the  other  End,  is  not  above  4  or  4  t 
HunJred.  The  End  of  the  Lever  at  the  Pump  there¬ 
fore  will  always  preponderate  the  other,  and  defcend 
when  the  Pifton  is  at  Liberty. 

10.  The  Handle  of  the  Steam-Cock  E  10  being 
turned  towards  n,  opens  the  Pipe  D  to  let  in  the  Steam  ; 
and  being  turned  towards  O,  it  Ihuts  it  off,  that  no 
more  can  enter.  The  Pifton  is  now  raifed  towards  the 
Top  of  the  Barrel  at  C,  and  the  Barrel  is  full  of  Steam. 
The  Lever  O  1  muft  then  be  lifted  up,  to  turn  by  its 
Teeth  the  Injecting-Cock  at  N,  which  permits  the 
Water  brought  from  the  Ciftern  g9  by  the  Pipeg  M  N, 
to  enter  the  Bottom  of  the  Barrel  at  n,  where  it  flies  up 
in  the  Form  of  a  Fountain,  and  ftriking  againft  the 
Bottom  of  the  Pifton,  the  Drops  being  driven  all  over 
the  Cylinder  will  by  their  Coldnefs  condenfe  the  Steam 
into  Water  again,  and  precipitate  it  to  the  Bottom  of 
the  Barrel. 

11.  Mr.  Hen.  Beighton  made  an  Experiment  to  de¬ 
termine  the  Rarity  of  the  Steam,  and  found  the  Con¬ 
tent  of  the  Barrel  of  Steam  was  113  Gallons;  and 

.  fihee  there  were  16  Strokes  in  a  Minute,  therefore  113 
y'  16  —  1S08  Gallons  of  Steam  per  Minute.  He  alfo 
obferved,  that  the  Boiler  required  to  be  fupplied  with 
water  at  the  Rate  of  5  Pints  per  Minute  ;  and  fince  282 
cubic  Inches  make  a  Gallon,  351  make  aPint,  and  5  X 
35  y  —  1 76  ~  in  5  Pints  ;  alfo  the  cubic  Inches  of  Steam 
are  1808  X  282  =  509856;  if  then  we  fay,  As  1762: 

509856 


509856  "  t  :  2893;  or  one  cubic  Inch  of  Water  is 
expanded  into  2893  Inches  of  Steam  :  Confequently 
the  Steam  in  the  Barrel  is  reduced  to  Part,  when 
turned  to  Water  by  the  Jet  of  cold  Water;  and  there¬ 
fore  a  fufficient  Vacuum  is  made  in  the  Barrel,  for  the 
Pifton  to  defcend  unbalanced,  by  the  Preflure  of  the 
Air. 

12.  The  Pifton  being  forced  down  raifes  the  other 
End  of  the  Lever,  and  confequently  the  Pifton  of  the 
Pump,  which  brings  up  and  difcharges  the  Water  at  p. 
Now  this  whole  Operation  of  opening  and  fhutting  the 
Steam-Regulator  and  Injefiion-Cock,  will  take  up  but 
little  more  than  3  Seconds,  and  will  therefore  produce 
very  well  16  Strokes  in  a  Minute. 

13.  That  the  Ciftern  g  may  always  be  fupplied  with 
Water,  there  is  an  Arch  a-  fixed  near  the  Arch  H  at 
the  Pump-End,  from  whence  another  Pump-Rod  k  with 
its  Pifton  draws  Water  from  a  fmall  Ciftern  near  the 
Mouth  of  the  Pit,  (fupplied  from  the  Water  railed  at  p) 
and  forces  it  up  the  Pipe  mm  m  into  the  Ciftern  g ,  which 
therefore  can  never  want  Water. 

14.  That  the  Leathers  of  the  Pifton  C  may  be  al¬ 
ways  fupple,  and  fwelled  out  fo  as  to  be  always  Air¬ 
tight,  a  fmall  Stream  of  Water  is  fupplied  from  the 
Injecfing-Pipe  M  by  the  Arm  z.  Ori  the  Top  of  the 
Cylinder  is  a  larger  Part  or  Cup  L,  to  hold  the  Water 
that  lies  on  the  Pifton,  left  it  fhould  overflow  when  the 
Pifton  is  got  to  its  greateft  Height,  as  at  W  ;  at  which 
Time  if  the  Cup  be  too  full,  the  Water  will  run  down 
the  Pipe  V  to  the  waftc  Well  at  Y. 

15.  The  Water  in  the  Boiler,  which  waftes  in  ge¬ 
nerating  Steam,  is  fupplied  by  a  Pipe  Ff  about  3  Feet 
long,  going  into  the  Boiler  a  Foot  below  the  Surface 
of  the  Water.  On  the  Top  of  this  Pipe  is  a  Cup  or 
Funnel  F,  fupplied  by  the  Pipe  W  with  Water  from 
the  Top  of  the  Ciftern,  which  has  the  Advantage  of 
being  always  warm,  and  fo  not  apt  to  check  the  Boil¬ 
ing  of  the  Water  in  the  Copper. 

16.  That  the  Boiler  may  not  have  the  Surface  of  the 
Water  too  low,  (which  w'ould  endanger  burfting)  or 
too  high,  (which  would  not  leave  Room  enough  for 
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Steam)  there  are  two  Gage-Pipes  at  G ;  one  going  a 
Jittle  below  the  Surface  of  the  Water  when  at  a  pro¬ 
per  Height,  and  the  other  Handing  a  little  above  it* 
When  every  thing  is  right,  the  Stop-Cock  of  thefhortet 
Pipe  being  open’d  gives  only  Steam,  and  that  of  the 
long  one,  Water;  but  if  otherwife,  both  Cocks  will 
give  Steam  when  the  Surface  is  too  low,  and  both  give 
Water  when  it  is  too  high  ;  and  hence  the  Cock  which 
feeds  the  Boiler  at  F  may  be  opened  to  fuch  a  Degree, 
as  always  to  keep  the  Surface  of  Water  to  its  due 
Height. 

17.  The  cold  Water,  conftantly  inje£led  into  the 
Cylinder  to  condenfe  the  Steam,  is  carried  off  by  the 
Ed u<5f ion-Pipe  <fTY,  going  from  the  Bottom  of  the 
Cylinder  to  the  Wafte  Well  Y,  where  going  a  little 
under  Water  it  has  its  End  turned  up,  with  a  Valve  Y 
to  keep  out  the  Air  from  prelling  up  into  the  Pipe, 
but  permitting  the  inje£ted  Water  coming  the  other 
W ay  to  be  difcharged ;  whereby  the  Cylinder  is  kept 
empty. 

18.  Left  the  Steam  fhould  grow  too  ftrong  for  the 
Boiler,  and  burft  it,  there  is  a  Valve  fixed  at  b ,  with  a 
perpendicular  Wire  Handing  up  from  the  Middle  of  it, 
to  put  Weights  of  Lead  upon,  by  which  to  examine 
the  Strength  of  the  Steam  pulhing  againft  it  from  with¬ 
in.  Thus  the  Steam  is  known  to  be  as  ftrong  as  the 
Air,  if  it  will  raife  up  fo  much  Weight  on  the  Valve 
as  is  at  the  Rate  of  15  lb.  to  an  Inch  fquare;  becaufe 
that  is  the  Weight  of  Air  (nearly)  on  every  fquare 
Inch,  as  will  be  fhewn  in  its  Place.  When  the  Steam 
becomes  ftronger  than  what  is  required,  it  will  lift  up 
the  Valve,  and  go  out.  This  Valve  is  called  the 
Puppet-Clack. 

19.  The  Steam  has  always  a  variable  Strength,  yet 
never  ftronger  or  weaker  than  common  Air:  For  it 
has  been  found  that  the  Engine  will  work  well,  when 
there  is  the  Weight  of  1  lb.  on  every  fquare  Inch  of 
the  Valve  b.  This  (hews  that  the  Steam  is  then  tt 
Part  ftronger  than  the  common  Air.  Now  as  the 
Height  of  the  Feeding-Pipe  from  the  Funnel  F  to  the 
Surface  of  the  Water  Sr  is  not  above  3  Feet,  and  3! 
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Feet  of  Water  is  of  the  Preflure  of  the  Air;  if 
the  Steam  were  TV  Part  ftronger  than  Air,  it  would 
pu/h  the  Water  out  at  E;  which  fince  it  does  not 
do,  it  cannot  be  ftronger  than  Air,  even  in  this  Cafe, 
where,  the  Regulator  being  (hut,  it  is  moft  of  all  con¬ 
fined. 

20.  When  the  Regulator  is  open'd,  the  Steam  gives 
the  Pifton  a  pufii,  which  raifes  it  up  a  little  way  ;  then 
falling  a  greater  Space,  it  comes  to  be  of  the  fame 
Strength,  and  fo  a  Balance  to  the  Atmofphere ;  thus 
the  Pifton,  being  at  Liberty,  rifes  to  the  Top  W. 
The  Steam,  now  expanded  into  the  whole  Capacity  of 
the  Cylinder,  is  weaker  than  the  Air,  and  would  not 
fupport  the  Pifton  were  it  not  for  the  greater  Weight 
•at  the  other  End  of  the  Lever,  which  keeps  it  up.  The 
Steam  each  Stroke  drives  the  inje&ed  Water  of  the  pre¬ 
ceding  Stroke  out  of  the  Eduction-Pipe  dTY,  and 
would  itfelf  follow,  and  blow  out  at  the  Valve  Y, 
(which  is  not  loaded)  if  it  were  ftronger  than  the  Air, 
which  it  never  does.  If  it  were  exa&ly  equal  fo  the 
Strength  of  the  Air,  it  would  juft  drive  all  the  Water 
out  at  Y,  but  could  not  follow  itfelf,  the  Preftiire  be¬ 
ing  on  each  Side  the  Valve  equal  by  Suppofition.  If  it 
be  weaker  than  the  Air,  it  will  not  force  all  the  Water 
out  of  the  Pipe  d  T  Y,  but  the  Surface  will  ftand  fup- 
pofe  at  T,  where  the  Column  of  Water  T  Y  added  to 
the  Strength  of  the  Steam  is  equal  to  the  Prefiure  of 
the  Air.  When  the  Steam  is  T'o  weaker  than  the  Air, 
the  Height  T  Y  =  3  £  Feet.  Now  fince  the  whole  per¬ 
pendicular  Diftance  from  d  to  Y  is  but  4  Feet,  and  the 
Steam  always  lufficient  to  expel  the  Water;  it  is  plain 
it  can  never  be  more  than  T%  Part  weaker  than  the 
Air,  when  weakeft. 

21.  There  is  Air  in  all  the  Water  injected  ;  and  tho' 
that  Air  cannot  be  taken  out  or  condenfed  with  the 
Steam,  yet  will  it  precipitate  and  fall  through  the  Steam 
to  the  Bottom  of  the  Cylinder,  as  being  much  heavier. 
For  it  has  been  ftiewn,  that  Steam  is  to  Water,  as  1  to 
2893  in  its  Lenfity,  but  the  Denfity  of  Air  is  to  that 
of  Water,  as  x  to  864  (as  will  be  fhewn)  therefore  the 
Rarity  of  Steam  is  to  that  of  Air,  332893  to  S64;  the 
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Air  will  therefore  fall  through  the  Steam  to  the  Bot¬ 
tom,  and  from  thence  be  driven  out  through  a  fmall 
Pipe  opening  into  the  Cup  at  4,  on  which  is  a  Valve. 
Now  when  the  Steam  firft  rufhes  into  the  .Cylinder, 
and  is  a  little  flronger  than  the  outward  Air,  it  will 
force  the  precipitated  Air  to  open  the  Valve  at  4, 
and  make  its  Efcape  ;  but  the  Steam  cannot  follow, 
becaufe  it  is  weaker  than  the  outward  Air,  as  the 
Pifton  gives  it  room,  by  afcending,  to  expand.  This 
Valve  (from  the  Noife  it  makes)  is  call’d  the  Snifting- 
Clack. 

22.  Among  the  greateft  Improvements  of  this  En¬ 
gine,  we  may  reckon  that  Contrivance,  by  which  the 
Engine  itfelf  is  made  to  open  and  {hut  the  Regulator  and 
Injedl ion-Cock,  and  that  more  nicely  than  any  Perfbn 
attending  could  polfibly  do  it.  For  this  Purpofe  there 
is  fixed  to  an  Arch  Z,  at  a  proper  Diftance  from  the 
Arch  P,  a  Chain,  from  which  hangs  a  perpendicular 
Piece  or  working  Beam  Q_Q_,  which  comes  down 
quite  to  the  Floor,  and  goes  through  it  in  a  Hole, 
which  it  very  exactly  fits.  I  his  Piece  has  a  long  Slit 
in  it,  and  feveral  Pin-Holes,  and  Pins,  for  the  Move¬ 
ment  of  feveral  fmall  Levers  deftined  to  the  faid  Office 
of  opening  and  fhutting  the  Cocks,  after  the  following 
Manner. 

2 3.  Betwen  two  perpendicular  Pieces  of  Wood  on 
each  Side  P,  there  is  a  fquare  Iron  Axis  A  B  (in  the 
following  Fig.  where  this  Part  is  reprefented  by  itfelf 
for  Diftindtnefs)  which  has  upon  it  feveral  Iron  Pieces 
of  the  I.ever  Kind.  The  firft  is  the  Piece  C  E  D, 
called  the  Y,  from  its  reprefenting  that  Letter  inverted 
by  its  two  Shanks  E  and  D  ;  on  the  upper  Part  is  a 
Weight  F  to  be  railed  higher  or  lower,  and  fixed,  as 
Occafion  requires.  This  Y  is  fixed  very  fall  upon  the 
faid  Iron  Axle  A  B. 

24.  From  the  Axle  hangs  a  Sort  of  an  Iron  Stirrup 
I  K  L  I,  by  its  two  H00Y  1  I,  and  having  on  the  lower 
Part  two  Holes  K,  L,  through  which  pafles  a  long  Iron 
Pin  L  K,  and  key’d  in  the  fame.  When  this  Pin  is  put 
in,  it  is  alfo  pafs’d  through  the  two  Holes  in  the  Ends 
L,  N,  of  the  horizontal  Fork  or  Spanner  E  Q_N,  join’d 
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at  its  End  Q_to  the  Handle  of  the  Regulator  V  10. 
From  Q_to  O  are  feveral  Holes,  by  which  the  Laid 
Handle  may  be  fixed  to  that  Part  of  the  End  which  is 
moft  convenient. 

25.  Upon  the  Axis  A  B  is  fixed  at  Right  Angles  to 
|  the  Y,  an  Handle  or  Lever  G  4,  which  goes  on  tbe 

Outfide  of  the  Piece  Q.Q.,  and  lies  between  the  Pins. 
Another  Handle  alfo  is  faftened  upon  the  fame  Axle, 
v'z.  H  5,  and  placed  at  half  a  Right  Angle  to  the  for¬ 
mer  G  4  ;  this  pafles  through  the  Slit  of  the  Piece 
Q_Q_  lying  on  one  of  its  Pins.  Hence  we  fee,  that 
when  the  working  Beam  goes  up,  its  Pin  in  the  Slit 
lifts  up  the  Spanner  H  5,  which  turns  about  the  Axle: 
fo  fait,  as  to  throw  the  Y  with  its  Weight  F  from  C 
to  6,  in  which  Direction  it  would  continue  to  move, 
after  it  pafs’d  the  Perpendicular,  were  it  not  prevented 
by  a  Strap  of  Leather  fixed  to  it  at  O  E,  and  made  fait 
at  the  Ends  in  and  «,  in  fuch  Manner  as  to  allow  the  Y 
to  vibrate  backwards  and  torwards  about  a  Quarter  of  a 
Circle,  at  equal  Diftances  on  this  Side  and  that  of  the 
Perpendicular.  i  . 

26.  As  Things  are  reprefented  in  the  Figure,  the 
:  Regulator  is  open,  its  Plate  T  Y  being  frown  on  one 
.  Side  the  Pipe  S  which  joins  the  Cylinder  and  Boiler. 

I  The  Pifton  is  now  up,  and  alfo  the  working  Beam  near 
its  greateft  Height ;  the  Pin  in  the  Slit  has  fo  far  railed 
the'Spanner  H  5,  that  the  Weight  F  on  the  Head  of  the 
Y  is  brought  fo  far  from  «,  as  to  be  paft  the  Perpendi¬ 
cular,  and  ready  to  fall  over  towards  ot,  which  when 
it  does,  it  will  by  its  Shank  E,  with  a  fmart  Blow, 
ftrike  the  Iron  Pin  K  L,  and  drawing  the  i'ork  ON 
horizontally  towards  the  Beam  Q_,  will  draw  the  End 
10  of  the  Regulator  towards  6,  and  thereby  frut  it, 
by  flipping  the  Plate  Y  under  the  Holes  of  the  Throat* 
Pipe  S. 

27.  Immediately  after  the  Regulator  isfhut,  the  Beam 
rifing  a  little  higher,  with  its  Pin  S  on  the  Outfide  up¬ 
on  the  lower  Part  lifts  up  the  End  k  1  of  the  Handle  of 
the  Inje&ing-Cock,  and  opens  it  by  the  turning  of  the 
j  I  two  Parts  with  d  eetn.  The  Jet  immediately  mak* 
ing  a  Vacuum ,  the  Beam  again  defcends,  and  the  Pin  r 
VoL.  II.  G  depfelling 


deprefling  the  Handle  k  i  {huts  the  Injedion-Cock ;  and  . 
the  Beam  continuing  to  defcend,  the  Pin  p  bears  down 
the  Handle  G  4,  and  throwing  back  the  Y,  its  Shank  D 
throws  forward  the  Fork  N  Q_,  and  again  opens  the 
Regulator  to  admit  frefh  Steam.  After  this  everything 
returns  as  before  ;  and  thus  is  the  Engine  molt  wonder-  j 
fully  contrived  to  work  itfelf. 

28.  After  the  Engine  had  been  made,  as  above  de-  ■ 
fcribed,  for  many  Years,  it  received  another  Improve- | 
ment  of  very  great  Advantage ;  and  that  was,  inftead  f 
of  feeding  the  Boiler  with  warm  Water  from  the  Top- 
of  the  Cylinder  (as  related  Ait.  15.)  by  the  Pipe  W 
above,  and  F  f  felow;  they  contrived  tofupply  it  with  ( 
the  fcalding  hot  W ater  which  came  out  of  the  Educ¬ 
tion-Pipe  d  TY,  which  new,  inftead  of  going  to  the 
•wafte  Well  at  Y,  was  turned  into  the  Boiler  on  the  top 
Part ;  and  as  the  Edudion-Pipe  before  went  out  at  the 
Side  of  the  Cylinder,  it  was  now  inferted  in  the  Bot¬ 
tom  of  the  fame;  and  though  the  Preftiire  of  the 
Steam  in  the  Boiler  be  fomewhat  greater  in  the  Cylinder, 
yet  the  Weight  of  Water  in  the  Edudion-Pipe  be¬ 
ing  added  to  the  Force  of  Steam  in  the  Cylinder,  will 
carry  the  Water  down  continually,  by  overcoming  the 
Reliftance  in  the  Boiler. 

29.  To  conclude  this  Theory  of  the  Fire-Engine,  I 
fhall  here  add  a  moft  curious  and  ufeful  Table  of  the 
Calculation  of  the  Power  of  Fire-Engines  for  the  vari¬ 
ous  Diameters  of  the  Cylinder,  and  Bore  of  the  Pump, 
that  are  capable  ofraifing  Water  from  48  to  440  Hogf- 
heads  per  Hour,  at  any  Depth,  from  1 5  to  100  Yards. 

It  was  compofed  by  Mr.  Henry  Be  'ighton  ;  and  is  founded 
on  this  Principle,  that  the  Ale-Gallon  of  282  cubic 
Inches  of  Water  weighs  10 lb.  302.  Averdupoh,  and  a 
fuperficial  fquare  Inch  is  prefted  with  the  Weight  of 
14  lb-  13  oz.  of  Air  when  of  a  mean  Gravity.  But 
allowing  for  feveral  Fridions,  and  to  give  a  confiderable 
Velocity  to  the  Engine,  it  is  found  by  Experience,  that 
ao  more  than  8  lb.  of  Preflure  muft  be  allowed  to  air 
Inch  fquare  on  the  Pifton  in  the  Cylinder,  that  it  may 
make  about  16  Strokes  in  a  Minute,  about  6  Feet 
each. 
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30.  Thefe  Calculations  are  but  for  common  Prac¬ 
tice;  for  with  large  Boilers  the  Pifton  will  make  20  or 
25  Strokes  per  Minute*  and  each  of  them  7  or  8  Feet, 
and  then  a  Pump  of  9  Inches  Bote  will  difcharge  more 
than  320  Hoglheads  per  Hour,  and  for  other  Sizes  pro- 
portionably.  The  Ufe  of  the  Table  is  eafy;  for  fup- 
pofe  it  required  to  draw  1 50  Hoglheads  per  Hour,  at 
the  Depth  of  90  Yards;  then  in  the  7th  Column  I  find 
the  neareft  Number  149,  and  againft  it,  in  the  firft  Co¬ 
lumn,  I  find  a  7  Inch  Bore  for  the  Pump  ;  then  under 
the  Depth  90  on  the  Right-Hand,  in  the  fame  Line,  I 
find  27  Inches  for  the  Diameter  of  the  Cylinder  fit  for 
the  Purpofe,  and  fo  for  any  other. 
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(LXXXI.)  The  Method  of  conftru£ling  a  Fire  En¬ 
gine  according  to  the  original  Inftitution  of  the  Mar- 
:  quisof  Worcejter  and  Capt.  Savery,  wherein  the  Water 
was  to  be  raifed  folely  by  the  Preflure  of  elaftic 
Vapour  or  Steam,  is  very  ufeful,  and  cheap  in  refpett 
of  the  other  Sort  ;  and  when  the  Height,  to  which  the 
Water  is  to  be  railed,  does  not  exceed  too  or  150 
Feet,  then  this  Engine  is  applicable  with  great  Advan¬ 
tage,  it  requiring  but  a.fmall  Fire,  (not  bigger  than 
what  is  generally  ufed  in  a  Parlour  Chimney)  is  of  a 
very  fimple  and  eafy  Stru&ure,  and  admirably  adapted 
for  playing  of  Fountains  to  very  great  Heights. 

2.  Dr.  Defaguliers  has  given  us  the  Struilure  of  this 
Engine  on  a  Copper  Plate  with  his  laft  Improvements, 
and  becaufe  I  think  this  better  than  that  which  Profc'f- 

for  MuJJchenbroek  has  exhibited  in  his  EJfui  de  IV>y/?yw<r,p]  XXV. 
efpecially  for  raifing  Water,  I  Ihall  here  give  the  laid  Fig-,  j . 
Figure  and  its  Explication. 

3.  The  Boiler  B  B  is  a  large  Copper  Body  of  a  glo¬ 
bular  Form,  which  will  belt  of  all  withftand  the  very- 
great  Force  of  Steam,  that  is  in  this  Cafe  neceflary. 

Round  the  Body  of  this  Boiler  the  Fire  and  Flame  are 
conducted,  as  Ihewn  at  TTT.  It  has  a  Copper  Cover 
{crew’d  on,  which  contains  the  Steam-Pipe  C  D,  and 
two  Gage-Pipes  N,  O,  which,  by  turning  their  Cocks, 
fhew  the  Height  of  the  Surface  of  the  Water  within,  as 
jin  the  other  Engine. 

4.  On  the  fame  Cover  at  P  is  a  Valve,  over  which 
lies  a  Steel-vard  with  its  Weight  Qjo  keep  it  down,  the 
[Strength  of  the  Vapour  being  this  Way  moll  exadly 
eftimated  :  For  being  in  the  Nature  of  a  Lever,  of  the 
third  Sort,  ’tis  plain,  if  the  Beam  of  the  Lever  be  di¬ 
vided  into  xo  equal  Parts,  and  the  firft  of  them  be  upon 
the  Middle  of  the  Valve,  and  the  Weight  Q_hangs  at 
the  2d,  3d,  4th,  &c.  Divifions,  that  then  the  Force  of 
the  Steam  which  can  raile  up  the  Valve  will  be  2,  3, 

4,  &V.  times  as  great  as  the  Weight.  If  the  Area  of 
the  Valve  be  a  fquare  Inch,  and  Q==i5  lb.  hanging  at 
the  2d  Divifion  is  raifed  by  a  Steam  pulhing  up  the 
'Valve,  it  will  fhew  the  Steam  will  then  prefs  with  the 
Force  of  2  Atmofpheres,  and  fo  on  to  xo  Atmofpheres  5 
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but  great"  Care  muft  then  be  taken  about  it,  left  the 
Steam,  fo  very  ftrong,  burft  the  Boiler  to  Pieces. 

5.  The  Steam  is  carried  from  the  Boiler  to  a  Cop¬ 

per  VeiTel  A  by  means  of  the  Pipe  CD,  and  is  let  into 
the  fame  by  turning  the  Handle  K  of  the  Steam-Cock 
D I.  The  Key  of  this  Cock  is  kept  down  by  the  Screw 
L,  held  up  by  the  Gibbet  D  L.  The  Handle  turn’d 
from  K  to  k  admits  a  Paffage  to  the  Steam  into  the 
Copper  Receiver  A.  _  si 

6.  The  Receiver  A  communicates  at  Bottom  with  | 
the  Sucking-Pipe  ZH  going  down  to  the  Water  H  in 
the  Well  X  ;  and  above  with  the  Forcing-Pipe  E  E,  ,1 
which  goes  up  a  little  above  the  Water  of  the  Refervoir 
R  ;  between  thefe  two  Pipbs  are  two  Valves  F  andG,  si 
both  opening  upwards.  The  Steam  being  let  in  upon  ;  j 
the  Water  of  the  Peceiver  A,  forces  it  up  through  the 
Valve  F,  and  the  Pipe  E  E  to  the  Refervoir,  and  then 
the  faid  Receiver  is  full  of  hot  Steam. 

7.  This  Steam  in  the  Receiver  is  condenfed  by  a  Jet  H 
of  cold  Water  coming  from  the  Forcing-Pipe  by  the  « 
fmall  Pipe  MI,  beinglet  in,  and  {hut  off  by  the  Cock 
at  M.  The  Steam  being  condenfed  by  this  Jet,  will 
be  reduced  within  a  very  fmall  Space, and  fo  make  a  Va¬ 
cuum ,  upon  which  the  Water  in  the  Well  will  rufh  up 
the  Forcing-Pipe  to  reftore  the  Equilibrium,  and  thus  a-  i 
gain  fill  the  Receiver  A;  the  little  Air  being  comprefs’d 
within  a  fmall  Compafs  at  the  T op  above  a  b. 

S,  That  there  may  always  be  Water  in  the  Force- 
Pipe  for  the  Jet,  there  is  a  little  Pipe  which  brings  the 
Water  to  it  from  the  Refervoir,  with  the  fmall  Stop-  » 
Cock  Y  to  fhut  it  off  upon  Occafion.  The  Valves  at  e 
F  and  G  are  examined  at  any  time,  by  unfcrewing  the 
Pin  1  to  loofen  the  Strap  2,  and  let  down  the  Flanch  i 
3,  all  which  Parts  are  fhewn  larger  in  the  Figures  be-  iii 
low. 

9.  By  the  peculiar  Contrivance  of  the  Cock  at  D  I,  i 
and  its  Key,  the  Water  is  made  to  pafs  from  the 
Force-Pipe  to  the  Boiler,  to  fupplv  the  Wafte  in  Steam. 
This  is  plain!  (hewn  in  the  Sections  of  the  Cock  and  t 
Pi  XXV  where  5  is  the  T°P  of  the  5  6  'S  a  Hole  on 
pV  '  one  Side,  which  goes  down  to  the  Bottom,  to  convey 
the  Steam  or  Jet  of  Water  alternately  to  the  Receiver; 
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y  is  a  Notch  on  the  other  Side  to  take  in  the  Water 
from  the  Force-Pipe,  and  conduft  it  to  the  Boiler  B. 

How  this  is  done,  is  eafy  to  conceive  from  a  View  of 
the  two  Sections  of  the  Cock  and  Key  in  cwoPofitions 
withirt  it. 

10.  The  Boiler  may  hold  about  5  or  6  Hogiheads, 
and  the  Receiver  1  Hogfhead  :  It  will  work  4  or  5 
Hours,  without  recruiting  ;  about  4  Strokes  per  Mi¬ 
nute  will  produce  upwards  of  20Q  Hogfheads  per  Hour. 

This  Steam  makes  a  Vacuum  fo  effectually,  as  to  raife 
Water  from  the  Well  to  the  Height  of  29  or  30  Feet  ; 
and  fuppofe  the  Steam  able  to  lift  up  the  Steel-yard, with 
its  Weight  hanging  at  the  6th  Divifion,  it  will  then  be 
able  to  raife  a  Column  of  Water  about  50  Yards  high, 
as  being  then  6  Times  ftronger  than  the  Preffure  of  the 
Air,  as  is  eafy  to  underftand  from  what  has  been  faid 
on  this  Subject  of  the  Common  Water-Engine,  (See 
Annotat.  LXXX.  5.)  the  Water  being  raifed  in  a  fimi- 
lar  Manner  in  both  Machines  ;  there  by  the  Preffure  of 
condenfed  elaftic  Air  ;  and  here  by  the  Preffure  of  rari- 
Jied  elaftic  Steam. 

11.  The  Elafticity  of  the  Steam  increafmg  with  its 
Heat,  and  the  Space  into  which  it  endeavours  to  expand 
stfelf  being  as  its  Elafticity  or  Strength,  and  fmce  we 
know  (by  what  precedes)  that  Water  expanded  into 
Vapour,  of  the  fame  Strength  of  the  Air,  occupies  near 
3000  times  the  Space  as  before,  it  follows,  that  when 
the  Steam  has  twice  that  Strength,  it  will  be  expanded 
into  6000  ;  if  it  be  5  times  as  ftrong  as  the  Air’s  Spring, 
it  will  become  expanded  into  15  coo  times  that  Space, 
and  fo  on,  beyond  the  Reach  of  Experiments.  F"rom 
all  which  it  appears  how  near  a  perfeCl  Vacuum  we 
may  approach  by  this  Engine,  or  any  other,  by  means 
of  rarified  Vapour. 

(LXXXI1.)  In  th zPhilofophical  Tranfaffzons,  N"  461.  Plate 
there  is  an  Account  of  an  improvement  made  in  the  XX\  I. 
Fire-Engine  by  Mr.  Payne ,  as  follows.  He  has  con-  Fij-  8. 
trived  two  Iron  Pots  or  Veffels  of  a  conical  Form  in 
verted,  as  reprefemed  by  ABEF,  on  the  upper  Part  of 
which  is  fix’d  a  round  globular  Copper  Head  (of  about 
5=  Feet  Diameter)  as  L  MN.  There  is  then  placed 
qn  the  Infide  a  fmall  Machine  H,  call’d  the  Difperfer, 
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with  Spouts  a ,  l ,  c,  d,  e ,  &c.  round  the  Sides  fix’d 
to  it,  and  the  Bottom  thereof  refts  on  a  Centre-Pin  O. 

]n  this  Machine  is  fix’d  an  upright  Tube  G,  with 
Holes  at  the  Bottom,  and  a  Funnel  P  on  the  Top  to 
receive  a  Spout  of  Water  from  a  Conduit-Pipe  Q,  by 
the  Stop-Cock  R. 

2.  T  his  Veil'd  being  compleated,  two  or  more  of 

them  are  placed  in  a  reverberatory  Arch  for  conveying  ; 
the  intenfe  Heat  of  a  ftrong  Fire,  the  Flame  whereof  ; 
encompafles  the  Iron  Veflels,  and  keep  them  in  a  red  J 
Heat,  during  the  Time  of  their  Ufe  ;  at  which  Time 
the  Cog-Wheel  I,  being  turn’d  by  proper  Machinery,  •) 
whirls  the  Difperfer  about  with  great  Velocity,  and 
caufes  the  Water  in  it  (by  a  centrifugal  Force)  to  fly  i 
thro’  the  Spouts  againft  the  Sides  of  the  red-hot  Pots,  a 
which  immediately  converts  the  greateft  Part  thereof 
into  Vapour  or  elaflic  Steam,  which  is  conveyed  by  a 
common  Pipe  or  Cock  to  the  Barrel  of  the  Engine  to 
put  the  Pifton  in  Motion  ;  and  the  wade  Water  is  con¬ 
vey’d  away  at  Bottom,  by  means  of  a  Pipe  C  D,  with  J 
a  Valve  at  D  to  keep  out  the  Air.  ,  ■ 

3.  By  many  Experiments  made  on  this  Engine,  Mr. 
Payne  has  proved  the  following  Particulars,  viz.  That 
fuch  an  ignified  Pot  or  Veflel  will  ratify  or  expand  50 
Gallons  of  Water,  Wine-Meafure,  per  Hour. 

4.  That  a  Cubic  Inch  of  Water  will  make  in  Prac¬ 

tice  4000  Inches  of  Steam  ;  and  therefore  50  Gallons 
will  produce  4^000000  per  Hour,  or  770COO  per  Mi¬ 
nute  ;  hence  two  fuch  Pots  will  produce  1540000  cubic 
Inches  of  elaftic  Steam  per  Minute.  >;jj|  I 

5.  That  by  an  Experiment  made  at  a  Fire-Engine,  r 
40  Gallons  of  Water  per  Hour,  made  into  elaftic  Steam, 
will  effe&ually  give  Motion  to  a  24  Inch  Cylinder-En*  1 
gine. 

6.  That  112  lb.  of  Coals  is  fufficient,  in  this  Me¬ 
thod,  to  rarify  90  Gallons  of  Water  per  Hour  into 
Steam,  whereas  in  the  common  Fire-Engine,  with 
Boilers,  ’tis  ufual  to  expend  three  times  as  great  a  .1 
Quantity. 

7.  That  95  Gallons  of  Water  expanded  into  Steam 
will  work  a  36  Inch  Cylinder- Engine  ;  from  all  which 

he 


he  concludes,  that  his  new  Invention  will  fave  at  leaft 
bo  per  Cent,  in  Pit-Coals  to  work  a  Fire  Engine. 

8.  The  Method  by  which  he  found  how  much  Steam 
could  be  produced  from  a  given  Quantity  of  Water  was 
this.  He  procured  a  Copper  Globe  A  12  Inches  in 
Diameter,  with  two  Brafs  Cocks  B  B  oppofite  to  each 
other;  by  one  of  thefe  the  Globe  was  faften’d  to  a 
Pipe  E,  which  was  fix’d  to  the  upper  Part  of  one  of  the 
Steam  Veflels  (as  atN)  and  was  fill’d  with  Steam  by 
the  Cock  F  ;  upon  the  other  Cock  was  fix’d  a  fmall 
Valve  D,  fitted  to  a  Bore  of  one  Inch  Diameter ;  and 
C  is  a  Handle  or  Bale  to  fufpend  it  by. 

9.  The  whole  thus  fitted  weighed  15  lb.  3  0%.  Troy , 
or  12  lb.  9 1  oz.  Averdupois ;  the  Capacity  or  Content 
was  about  925  cubic  Inches.  The  Globe  being  fix’d 
to  the  Steam  Vefiel,  all  the  Cocks  were  turn’d,  till  the 
Steam  by  palling  thro’  had  fufficiently  heated  the  Globe; 
then  being  flopp’d,  the  Steam  condenfed,  and  the  Air 
let  in,  when  weigh’d  in  a  very  nice  Balance,  the  Weight 
was  15  lb.  3  oz.  2  dwt.  fo  that  the  whole  Quantity  of 
Steam  was  but  2  Penny-Weights,  or  T-0  of  an  Ounce 
Troy.  Whence  one  Ounce  of  Water  makes  9250  cubic 
Inches  of  Steam. 

10.  The  Globe  fill’d  with  Water  weighed  45  lb. 
7  oz.  After  this,  it  being  fill’d  with  Steam,  and  one 
of  the  Cocks  put  under  Water,  the  Water  rufh’d 
into  the  Globe,  and  the  Cock  being  again  turned, 
and  the  Globe  of  Water  now  weighed,  the  Weight 
was  44  lb.  9  oz.  which  deducted  from  the  former 
Weight,  gave  14  oz  ;  which  fhew’d  that  all  the  Air 
was  nearly  excluded,  or  that  a  Vacuum  was  approached 
to  in  the  Ratio  of  7 13  to  727  ;  or  the  Part  pofiefled  by 
Air  was  but  the  Part  of  the  Whole. 

11.  The  Air  being  again  thus  excluded  out  of  the 
Globe  by  Steam,  and  both  Cocks  turn’d,  the  Globe 
was  thus  weigh’d,  and  the  Weight  was  .12  lb.  10 *  oz. 
then  one  Cock  was  opened  and  the  Air  let  in,  upon 
which  the  Scale  defcended,  and  \  an  Ounce  Averdupois^ 
being  added  to  the  other  Scale,  reftored  the  Equili¬ 
brium,  which  was  therefore  the  Weight  of  the  Air, 
or  925  cubic  Inches  of  Air  weigh’d  about  220  Grains. 

12.  But  It  was  found  above,  that  the  Globe  full  of 
Steam  weigh’d  only  2  Penny-Weight  Troy ,  or  40 

Grains ; 
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The  abovementioned  prodigious  Rare - 
jaSiion  of  a  fmall  Quantity  of  Water  will 
be  made  very  fenfible  by  the  JEolipile , 
whofe  Nature  and  Ufe  in  the  Produdion 
of  a  continual  and  mo (l  powerful  Blafl  oj 
Steam ,  or  vapourous  Wind,  is  a  Phenomenon 
equally  curious  and  furprifmg,  as  will  ap¬ 
pear  from  the  Experiment  (LXXX11I.) 

Grains  ;  whence  the  fpecific  Gravity  of  elaftic  Steam 
is  to  that  of  Air  as  40  to  220,  or  as  i  to  5  nearly  ;  ancb 
fincc  that  of  Air  is  to1  Water  as  1  to  860,  therefore  the 
fpecific  Gravity  of  Steam  is  to  that  of  the  Water,  as 

l  to  860X5  =  4300. 

\  i  Again,  fince  ts  of  an  Ounce  of  Water  expelled 
near  925  cubic  Inches  of  Air  ;  then  one  cubic  Inch  of 
Water  (which  weighs  of  an  Ounce  Troy)  will 
expel  about  4630  cubic  Inches,  but  Mr.  Payne  takes 
40  0  for  a  Standard  in  Calculation. 

(LXXXIIi.)  1.  The  jEolipile  is  anlnftrument 
contriv’d  for  Ufe,  as  well  as  Jucundity.  It  has  its 
Name  from  the  Fable  of  jTolus,  the  God  of  Wind 
and  Tempefts,  who  was  defcribed,  as  having  his  Pa¬ 
lace  in  the  Caves,  and  locking  up  the  Winds  in  the 
Hollows  of  the  Mountains.  The  Word  literally  in¬ 
terpreted  is,  the  Gates  of  Molus  (' AioAa  7zi\ou)  becaufe 
oi  the  Similitude  of  its  EfFe&.  For  it  confifts  of  a 
Copper  globular  Body,  in  which  is  inferred  a  fmall 
Neck  or°Pipe,  with  a  very  finall  Orifice,  from  whence 
(when  the  Veflel  has  Water  in  it,  and  heated)  a  Va¬ 
pour  iffues  with  prodigious  Violence,  Impetuofity  and 
Force,  and  blows  in  the  Manner  of  a  terrible  tempeftu^ 

©US  Wind.  *  _ 

2.  The  Body  of  this  Inftrument  confuts  of  two  Parts, 
PI.  XXL  /\  am\  B,  folder’d  together  with  hard  Solder,  to  endure 
Fig.  7-  a  great  Heat  of  Fire.  On  the  upper  Part  is  alfo  fol- 
der’d  the  Pipe  C  D,  whofe  Orifice  or  Hole  at  D  is 
about  the  40th  or  50th  Part  of  an  Inch  in  Diameter. 
The  Way  to  fill  it  with.  Water  is,  to  fet  it  firft,  while 
emDty,  on  the  Fire,  which  will  heat  it,  and  drive  out 
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V.  The  laft  Caufe  of  the  Motion  of 
Fluids  which  I  mention’d  was  that  of  At- 
tradlion.  We  have  already  feen  how  by 
this  means  any  Fluid  will  afcend  above 
the  common  Surface  in  Capillary  Tubes, 

&c.  But  the  moll  notable  and  obvious 
Motion  of  Fluids  arifing  from  Attraction, 
is  that  of  the  Tides  ;  the  Waters  of  the 
immenfe  Ocean,  forgetful,  as  it  were,  of 
their  natural  Quietus,  move,  and  roll  in 
fwelling  Tides  obfequious  to  the  fovereign 
Power  of  the  Moon,  and  weaker  Influence 
of  the  Sun. 

To  illuflrate  this,  let  N  E  S  Q^reprefent  pi.xxil. 
the  Earth,  covered  over  with  Water  FlS*  3* 
ABDF  ;  NS  the  Axis  of  the  Earth,  E 
the  Equator,  T  R  the  Tropic  of  Cancer , 
t  r  the  Tropic  of  Capricorn ,  M  the  Moon 

all  the  Air;  then  with  a  Pair  of  Tongs  you  take  it  off 
the  Fire,  2nd  hold  the  End  of  the  PipeD  underWater, 
and  the  Water  will  run  in  to  poffefs  the  Space  deferted 
by  the  Air,  by  the  PrefTuie  of  the  Atmofphere. 

3.  For  an  Experiment,  it  need  not  be  more  then  half 
full  of  Water,  which  will  be  a  conilderable  Time  in 
being  changed  into  Vapour.  The  ftronger  the  Fire, 
the  better  will  be  the  Steam,  and  the  more  forcibly  will 
it  fly  out,  and  jt  will  continue  this  furprifing  Blaft,  till 
it  is  wholly  evacuated  ;  then  the  Noifeceafes,  and  a  flill 
fine  Aura  follows  the  Steam.  Great  Care  mull  be 
taken  not  to  have  the  Hole  at  D  flopp’d  in  putting  it  in 
the  Fire,  for  if  that  fhould  happen,  the  iEolipile  will 
burftwith  a  great  Explofion  (equal  to  that  of  a  Cannon) 
and  may  do  very  great  Mifchief,  as  I  have  twice  expe¬ 
rienced,  and  once  it  was  like  t?>  have  been  fatal ;  for 

in 
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in  her  Orbit,  S  the  Sun  in  his.  Now  ; 
fmce  all  Bodies  are  endued  with  an  attradf-  J 
ing  Virtue,  the  Moon  will  attradf  all  the  ,  3 
Water  in  the  neared:  Hemifphere  F  A  B, 
with  Degrees  of  Force  which  are  inverfely  [■ 
as  the  Squares  of  the  Diftances  from  all  ; 
Parts  j  and  therefore  with  the  ftrongeft 
Force  where  the  Diftance  is  leaft,  viz.  in 
the  Point  A  directly  under  her  ;  and  this 
Attradtion  being  in  this  Hemifphere  con¬ 
trary  to  that  of  the  Earth,  the  Water  in 
all  Parts  from  B  and  F  towards  A  will  have  : 
their  Gravity  gradually  deci'eadng,  and 
be  lighted;  of  all  at  the  Part  A ;  and  con- 
fequently  mud:  there  (land  higher  than  at  .  ;j 
the  Point  F,  where  they  are  more  attracted 
by  the  Earth,  and  fo  heavier,  as  is  evident 
from  the  Laws  of  Hydrojiatics . 

then,  when  it  burft,  the  Power  was  To  great,  as  to 
rend  afunder  the  Body  of  the  Inftrument,  not  in  the 
Jointure,  but  in  the  folid  Metal,  which  was  at  leaft  8 
Hundredths  of  an  Inch  thick.  It  happily  flood  fo  as  to 
fly  againft  the  inner  Part  of  the  Mantle-Piece,  which 
beat  it  both  Sides  together  by  the  Violence  of  the  Blow;  ij 
which,  had  it  flown  into  the  Room,  mufthave  been  fa¬ 
tal  to  any  one  or  more  who  fhould  have  been  in  its 
Way.  ft  i 

4.  To  give  an  Idea  of  the  great  Force  neceflary  to  | 
burft  the  iEolip  le  in  the  Manner  above  mentioned,  let 
us  proceed  to  Calculation.  It  has  been  found  by  Experi¬ 
ment,  that  a  Copper  Wire  r‘0  of  a  Rbine-Land  Inch  in 
Diameter  was  broke  afunder  by  the  Weight  of  299^  lb. 
hung  on  to  it.  Now  the  Rbine-Land  Foot  is  to  the 
Landau  Foot,  as  139  to*  135  ;  the  Diameter  therefore 

Again  ;  ! 
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Again:  In  the  other  Hemifphere  FDB, 
the  Attraction  of  the  Moon  confpires  with 
that  of  the  Earth  }  but  decreafing  as  the 
Squares  of  the  Diftances  increafe,  the  joint 
Force  of  Attraction  will  every  where  de- 
creafe  from  F  and  B  towards  D,  the  Point 
oppofite  to  the  Moon  ;  where,  again,  the 
Waters  will  be  lighted:,  and  therefore 
Hand  higheft  to  preferve  the  Equilibrium . 
Whence  it  appears,  that  by  this  Sum  and 
Difference  of  the  Moon’s  and  Earth’s  At¬ 
traction,  there  will  neceffarily  enfue  a  Pro¬ 
tuberance  or  Swelling  of  the  Waters, which 
we  call  Tides  of  Flood ,  in  the  two  Points  A 
and  D  direCtly  under  the  Moon.  Alfo  in 
the  two  Points  F  and  B,  as  the  Waters  are 
there  mod:  attracted,  fo  they  will  be 
heavied:,  and  confequently  rife  to  the  leaft 
Height  from  the  Earth’s  Surface,  whence 


of  the  Wire  in  Englijh  Meafure  was  of  an  Inch, 
whence  the  Area  of  its  tranfverfe  Se&ion  will  be 
slrH||c,  or  very  nearly  *§jT  of  an  Inch  fquare. 

.5-  The  Diameter  of  the  /Eolipile  is  4  Inches  its 
Circumference  therefore  is  12,566;  its  Thicknefs 
about  T-|Cf  or  0,08  of  an  Inch,  whence  12,566X0  c8 
~i,00528  =  the  Area  of  the  rended  Circumference  of 
the  /Lohpile.  Then  fay,  by  the  Rule  of  Three,  If 

°r  77T  r^uire  29?;  or  30°  &  to  break  it.  What 
1  1  fquare  Inch  require?  TheAnfwer  is,  28250  lb 

<fr  :  3°°  f  "  1  ;  38250  lb.  So  the  Force  of  the 
bream  which  burft  the  Aohplle  was  Thirty-eight  Thou- 
jand  and  two  Hundred  and  fifty  Pounds,  or  one  Thou- 
tana  nine  Hundred  and  twelve  Tons  and  an  half. 

6.  This  may  ferve  as  a  notable  Inftance  of  the  incre- 

they 
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they  are  call’d  Tides  of  Ebb ,  or  the  Ebbing 
of  the  Water . 

If  to  the  Power  of  the  Moon  we  add 
that  of  the  Sun,  we  fhall  have  the  Tides 
conliderably  augmented  at  the  Conjunction 
in  S,  or  Oppofition  in  H,  that  is,  at  the 
New  and  Full  Moons ,  which  are  call’d  the 
Spring  Tides ;  as  thofe  which  happen  when 
the  Sun  is  at  O  or  P  are  call’d  Neap  Tides , 
the  Waters  at  A  and  D  being  then  loweft, 
becaufe  the  Attraction  of  the  Moon  is  then 
counteracted  by  that  of  the  Sun. 

It  is  farther  to  be  obferved,  That  of  the 
two  Tides  of  Flood  at  A  and  D,  that  at  A  is 
greateft  to  any  Place  T  in  Northern  Lati¬ 
tude ,  when  the  Moon  is  in  Northern  Signs , 
and  above  the  Horizon ;  for  the  Point  A  is 
then  nearer  the  Zenith  of  the  Place  G, 
than  the  oppofite  Point  D  is  to  the  fame 

dible  Force  of  elaftic  Steam,  it  being  three  times  as 
great  as  the  force  of  Gun-powder  in  the  largeft  Can-  >  J 
non,  as  calculated  in  Annotat.  XXV .  Hence  it  appears 
of  what  prodigious  Ufe  this  expanded  Vapour  would 
be,  could  we  rarify  Water  into  Vapour  as  foon,  and  [  J 
with  the  fame  Eafe,  as  we  can  fet  Fire  to  Powder.  This  J 
Property  of  Air  has  already  fupplied  us  with  Air-Gum ;  J 
and  with  much  greater  Effea  might  we  have  Steam* 
Guns,  and  other  Inftruments,  if  that  could  be  done. 

7.  To  try  this,  one  need  only  take  a  Vial  with  one 
Drop  of  Water  in  it,  and  fet  it  over  the  Fire,  till  the  J 
Diop  begins  to  rife  in  Vapour,  and  drive  out  the  Air, 
then  putting  the  Cork  faft  into  the  Mouth  of  the  Vial* 
fet  it  on  the  Fire,  and  incline  it  to  the  farther  Side  os 
the  Room  ;  after  fome  little  Time  the  Steam  will  dtf-  | 

Place 
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Place  at  R  twelve  Hours  afterwards  j  and 
confequently,  the  Height  of  the  Tide  S  G 
is  greater  than  that  of  the  oppofite  Tide 
R  g.  The  contrary  happens  when  the 
Moon  is  in  Southern  Signs. 

That  there  are  two  Tides  of  Flood,  and 
two  of  Ebb,  fucceeding  each  other  alternate- 
ly  at  the  Interval  of  fix  Hours ,  is  ob  vious 
from  the  Figure.  That  they  happen  later 
each  Bay  near  an  Hour ,  is  owing  to  their 
exact  Correfpondence  to  the  Motion  of  the 
Moon,  which  daily  culminates  fo  much  later. 
That  they  happen  not  when  the  Moon  is  in 
the  Meridian,  but  about  three  Hours  after,  is 
owing  to  the  Force  of  the  Moon  being 
then  greater  than  when  in  the  Meridian  of 
any  Place  j  as  the  Heat  of  the  Day  is  greater 
at  Three  o’  Clock  than  at  Twelve ;  and  the 
Heat  of  the  Summer  is  greater  in  Augufl , 

charge. the  Cork  with  a  confiderable  Explofion,  and 
throw  it  as  far  as  a  Gram  of  Gun-Powder  would  have 

8  Or  thus;  Jet  a  few  Drops  of  Water  be  put  Into  a 
Pifto!  or  Gun-Barrel  clofed  on  the  Breach- End,  and  a 
ieadenBunetthrufthard  into  the  Barrel;  let  the  End 
of  the  Barrel  then  be  put  over  the  Fire  to  heat,  and  ex¬ 
pand  the  Water  into  Steam,  which  when  it  begins  to 
come  out  of  the  Touch-hole,  will  (hew  the  Air  to  be 

PWXC!nH  '  r  lettheHole  be  flopp’d  with  afmall 

Buil’r  dVKU  f°me  LT  the  VaP°ur  wi]1  ^charge  the 
,  with  as  much  Force  as  a  common  Charge  of 

Powder,  and  with  the  fame  Report  and  Execution. 

£  '1^  be  diffici,It  t0  c™tnve  any 

~  1  thod  ol  ma!anS  Vapour  of  a  fufficient  elaftic  Force 

than 
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than  at  the  10th  of  June.  Laftly,  that  the 
great  eft  Spring  ‘Tides  happen  not  at  the  10th  of 
March,  and  12th  of  September,  but  in  Fe¬ 
bruary  and  O&ober,  is  becaufe  the  Sun  be¬ 
ing  neareft  the  Earth  in  December,  his  In¬ 
fluence  is  then  ftrongeft,  and  fo  mull 
quicken  the  Time  of  the  greateft  Vernal 
Tides*,  and  being  weakelf  in  June ,  the 
Time  of  the  AutumnalTides  will  neceffarily 
be  retarded. 

Such  are  the  P  heenomena  of  the  Tides,  ac¬ 
cording  to  a  general  Theory,  and  are 
found  to  be  verified  in  thofe  Parts  of  the 
Earth’s  Surface  which  are  wholly  cover'd 
with  Water,  as  the  Theory  requires ;  I  mean, 
the  vaft  Atlantic  and  Wejlern  Oceans 
(LXXXIV.) 

in  large  Quantities,  fo  as  by  Cortdua-Pipes  to  charge 
large  Guns  therewith,  at  a  Diftance  from  the  Steam- 
VciFel ;  yet  fomething  of  this  Kind  may  be  effected,  by 
expanding  a  fmall  Quantity  of  Water  at  the  Bottom  of 
the  Cannon  into  Vapour.by  firft  putting  a  red  hot  Iron 
Bullet  down  the  Bore  to  the  Water,  which  itfoon  diih- 
pates  into  Vapour,  and  when  confined  at  the  Touch- 
hole,  and  another  with  which  the  Cannon  is  charged, 
it  will  foon  become  ftrong  enough  to  drive  it  With  b  01  ce 
enough  for  any  propofed  EffecT  So  that  the  Steam- 
Gun,  or  even  a  Steam-Cannon,  is  perhaps  a  Matter  not 
merely  in  tofTe,  but  may  be  hoped  for  in  Reality,  it  all 
proper  Expedients  be  tried,  and  Experiments  made  for 

^(LXXXIV.)  1.  The  Theory  of  the  Tides  is  a  Point 
of  great  Curiofity  and  Importance,  and  has  the.emre 
excited  feveral  learned  Gentlemen  to  endeavour  an  Ex¬ 
planation  thereof,  infuchWays,  as  they  think  the  va¬ 
rious  Phenomena  will  be  beft  and  moft  eafuy 
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flood.  I  have  confider’d  them  all,  and  can  find  none 
which  I  think  fo  natural  and  obvious  as  that  which  I 


97 


have  here  propofed.  Nature  herfelf  here  points  out  all 
the  Phenomena,  and  that  too  plainly  to  wartt  any  Aflift- 
ance  from  the  various  Contrivances  of  Art ;  which  I 
find  by  frequent  Experience  is  more  apt  to  puzzle  than 
afford  any  E  clair ciffement  in  this  particular  Cafe. 

2.  1  he  Mathematical  Principles  of  Theory  are  as 
follow.  Let  T  be  the  Centre  of  the  Earth,  O  the 
Moon,  and  ACBD  the  Circumference  of  the  Earth,  P,ate 
which  fuppofeall  around  environ’d  with  Water,  whofe  ^XVI, 
outmoft  Surface  is  reprefented  by  the  dotted  Circle,  and^S*  l’ 
its  Diflance  from  the  Earth’s  Surface  is  indefinitely 
fmall  in  refpea  of  the  Earth’s  Semidiameter.  Now  ’tis 
plain  were  the  Moon  away,  or  her  Attraction  at  the 
iEarth  nothing,  the  Waters  would  ev'ry  where  have  an 
equal  Share  of  the  Earth’s  attractive  Power  (fuppofing 
the  Earth  quiefcent)  and  fo  would  take  their  Place  at 
F  equal  Diflance  from  the  Centre,  and  therefore  con¬ 
orm  themfelves  to  a  fpherical  Figure,  agreeable  to 
what  was  (hewn  under  the  Laws  of  Hydrojiatics. 

3<  But  lince  the  Earth  is  not  quiefcent,  but  moveable 
ipon  its  Axis,  the  Centrifugal  Force  generated  under 
he  Equator  (where  it  is  greateft)  will  there  diminifli 
he  Power  of  Gravity  upon  the  Waters,  and  render 
hem  lefs  heavy  there  than  on  any  other  Part,  and  as 
he  Centrifugal  force  decreafes  towards  each  Pole,  the 
N eight  of  the  Water  will  increafe,  and  be  greateft  un- 
jjler  either  Pole.  And  fince  Fluids,  which  communi- 
ate  with  each  other,  maintain  an  Equilibrium,  and  if 
hey  are  of  different  Weights,  they  have  alfo  different 
Oenfities,  and  confequently  require  different  Altitudes 
o  luftain  each  other  m  Equilibria  ;  therefore  it  follows, 
jjhat  the  Waters  under  the  Equator,  which  are  lighteft’ 
nuft  have  a  greater  Altitude  (or  Diflance  from  the’ 
tarth  s  Surface)  to  be  in  Equilibria  with  the  Waters 
mder  the  Pole,  which  are  heavier,  and  will  therefore 
iave  a  lefs  Altitude.  Hence  the  Figure  of  an  univerfal 
Ocean  will  not  be  fpherical,  but  a  flatted  Spheroid 
hke  that  of  the  fluid  farth,  and  for  the  fame  Reafon, 
i  Annotat.  XXXW.)  whofe  longeft  Diameter  is  that 
f  the  Equator  continued. 

!  V“-  "•  H  4.  £ut 
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4.  But  as  this  refults  from  the  diurnal  Rotation  of 
the  Earth  only,  which  is  always  uniform,  and  every 
where  conftantly  the  fame,  it  can  caufe  no  Alteration  ' 
in  the  Depth  of  the  W  ater,  in  any  particular  Place, 
and  therefore  can  have  no  Share  in  the  Caufe  of  the 
Flux  and  Reflux  of  the  Sea,  at  leaft  fo  little  as  not  to 
defervc  Notice,  and  cannot  be  difcern’d  by  the  Senfes. 
However,  what  that  is  will  be  (hewn  in  the  Sequel  of  y 
this  Note. 

5.  The  alternate  Riling  and  Falling  of  the  Waters 
is  therefore  owing  to  fome  other  Caufe  or  Caufes  than 
w'hat  can  be  found  in  or  upon  the  Earth  ;  that  is,  it  t 
niuft  be  owing  to  fome  of  the  heavenly  Bodies,  which  j 
we  fee  at  a  Diflance  from  us.  1  his  the  Ancients  made  |f| 
no  Doubt  of  ;  and  afcribed  it  to  the  Influence  of  the  j 
Moon,  with  good  Reafon,  as  they  faw  fo  plain  a  Con- 
o-ruity  between  the  Motion  of  the  Waters,  and  that  of 
the  Moon.  They  could  not  alfo  but  obferve,  that  at 
each  New  and  Full  Moon  the  Tides  were  greater  than  J 
at  other  Times,  and  were  therefore  allured,  the  Sun 
w'as  likewife  concern'd  in  the  Caufe  of  the  Tides.  Yea, 
Pliny  allures  us,  that  they  were  fo  nice  as  to  obferve  '  [ 
the  annual  Phanomena  of  the  Tide  j  and  knew  that  the 
Tides  were  greater  in  Winter  than  in  Summer.  But 
they  had  no  Theory  to  account  for  the  diurnal,  men- 
ilruai,  and  annual  Differences  of  the  Tide.  This  was 
referv’d  for  the  Invention  of  the  celebrated  Author  of 
our  Philofophy,  whofe  Footfteps,  therefore,  we  lhall  J 
here  inlilt  on  as  near  as  pollibly  we  can,  in  explicating 
all  the  particular  Phanomena  of  theTides. 

6.  Since  (as  we  have  fhewn)  all  Bodies  mutually  at¬ 
tract  each  other,  the  Moon  at  O  will  attrad  the  Earth 
at  T,  and  its  Waters,  as  well  as  be  attracted  by  it. 
But  fmce  the  Law  of  Attraction  is  to  decreafe,  as 
the  Squares  of  the  Diltances  increafe,  the  Water  at 
A,  P,  C,  B,  or  at  A,  D,  />,  B,  will  be  differently 
affeded  by  the  attradive  Power  of  the  Moon  at  O  ; 
the  Attradion  at  A  will  be  greateft  as  being  neareft, 
that  at  B  leaft,  and  at  C  or  D,  it  wiU  be  at  a  Mean, 
and  the  fame  nearly  as  at  T  the  Centre  of  the  Earth, 
becaufe  of  the  very  great  Diftance  T  O  in  relped  of  1 
T  C. 
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7.  Let  us  confider  the  Cafe  of  one  aqueous  Particle  at 
P,  and  compare  it  with  that  of  A  in  the  neareft  Hemif- 
phere  CAD;  and  of  another  at  p  compared  with  that 
of  B  in  the  fartheft  Hemifphere  C  B  D.  Draw  the 
Lines  O  P  and  Op-,  in  O  P  continued  out  let  O  K  re* 
prefent  the  mean  Attraction,  or  that  of  the  Particle  C, 
and  let  it  be  made  as  OL:OK  ::  O  K1  :  O  P1  : 


then  will  O  L  :  O  K 


OP1  *  OK1 


or  OK 


OK1 


::  O  L  :  wherefore  O  K  and  O  L  will  repre- 

fent  the  attractive  Forces  of  the  Moon  on  the  Particles 
at  C  and  P,  as  being  inverfely  as  the  Squares  of  the 
Diftances. 

8.  In  like  Manner,  if  we  take  O/  :  O  k  ::  O  k*  :  0/>% 
then  will  O  /  be  the  Force  with  which  the  Particle  p  is 
affeted  by  the  Moon.  Continue  out  O  T,  and  draw 
LM  parallel  to  PT,  and  /  m  to  p  T.  Then  is  the 
Force  OL  refolvable  into  the  two  Forces  L  M,  and 
MO,  and  the  Force  Ol  into  l  m,  and  m  O.  Now 
fince  LM  and  Im  directly  confpire  with  P  T,  and 
p  T,  they  will  exprefs  Forces  to  be  fuperadded  to  the 
Attraction  of  the  Earth  upon  the  Particles  P  and  p  ; 
and  therefore  unlefs  thefe  additional  Forces  were  every 
where  the  fame,  the  Waters  about  the  Earth’s  Surface 
cannot  have  an  equal  Power  of  Gravity  towards  the 
Earth’s  Centre  ;  and  fo  cannot  exift  in  a  fperical  Form. 

9.  In  order  to  fee  this,  we  have  (by  fimilar  Triangles 

LOM  and  POT)  LM  :  PT  ::  L O  :  P O ;  whence 

T  .  PTXLO  T  ■  1  . ,  .  ' 

LMr= — p-Q — ;  but  fince  L  O  is  as  p~Q-^  (by  Art.  7.) 

PT  x 

we  have  L  M  —  p"Q?  orfincePT  is  given 


and  for  the  fame  Reafon  l  m  —  p^j7>  that  is?  L  M  : 

Im-.-.p  03:P03;  but  fince  PO  is  lefs  than  pO,  LM 
will  be  much  greater  than  /  m,  confequently  the  W a- 
ter  at  P  and  p  will  be  affected  with  very  different  Forces, 
and  theiefore  will  not  tend  equally  to  the  Earth’s 
Centre  T,  or  be  at  an  equal  Diftance  from  it.  And 
this  Difference  of  Forces  will  be  greateft  of  all  at  the 

FI  2  Points 
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Points  A  and  B,  for  there  thefe  perturbating  Forces  will 
be  as  A  O3  and  BO3  inverfely,  which  Cubes  have  the 
great  eft  Difference  of  all  others. 

°  jo.  Now  this  is  only  one  Part  of  the  Attraction  of 
the  Moon  which  difturbs  the  Waters;  the  other  Part 
M  O  makes  this  Perturbation  ftill  greater  ;  for  if  T  O 
be  the  Force  with  which  the  Earth’s  Centre  is  attracted  ; 
by  the  Moon  O,  ’tis  plain  the  Waters  can  never  accede 
direCtly  towards  the  Moon  with  the  fame  Velocity  , 

that  the  Earth  does,  unlefs  when  M  O  and  mO  are 
equal  to  T  O,  that  is,  at  the  Points  C  and  D.  From  ; 
MO  fubduCt  TO,  the  Remainder  TM  will  be  theEx- 
cefs  of  Force,  by  which  the  Waters  in  every  Point  P,  of 
the  Hemifphere  CAD  will  be  accelerated  towards  the 
Moon  more  than  the  Earth  itfelf ;  and  T  m  will  exprefs  , 
the  Force  by  which  the  Earth  tends  towards  the  Moon  I 
more  than  the  Water  at  any  Point  p  in  the  remote  He- 
rnifphere  C  B  D. 

1 1.  The  Proportion  of  the  Part  of  the  Force  MO, 
in  refpeCt  to  OP,  is  thus  found  ;  as  MO  :  OT  ::  LM 

O  T  X  L  M 

:  P  T  ;  wherefore  M  O  = - 5--^ - 5  but  fince  both 

"I 

O  T  and  PT  are  conftant,  we  have  M  O  as  L  M,  /.  e.  {  u 

M  O  is  as  Therefore  at  A,  M  O  will  be  as 

PO3 

I  I  , 

— p— :  and  at  B,  m  O  will  be  asrr-g-,,  that  ts,  in  re- 

A  T 6  w  15 3 

fpeCt  to  the  Points  A  and  B,  we  have  M  O  :  m  O  x 
O  B3  :  A  O3  ;  and  fince  thefe  Cubes  are  the  greateft 
of  all  others,  the  Waters  will  be  accelerated  in  A  to*  ! 
wards  the  Moon  with  the  greateft  Difference  of  At-  ■ 
traCtion,  and  at  B  with  tht:  Icaft  ;  confequently  the 
Water  will  there  on  this  Account  alfo  recede  molt  from 
a  fpherical  Figure. 

1 2.  Therefore,  fince  both  Parts  of  the  Moon’s  Force 
are  proportional  to  the  Cubes  of  the  Diftance  of  the 
Luminary  inverfely,  they  will  both  confpire  to  make 
the  Waters  at  A  and  B  recede  from  the  Centre  of  the 
Earth  T,  and  put  on  a  fperoidical  Figure,  whole  long- 
eft  Axis  B  A  goes  towards  the  Moon’s  Centre  O.  f  he 
Force  MO-M  T-f-T  O,  but  ftnce  the  Part  T  O  is 

always  |j 
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always  the  fame,  the  perturbating  Part  will  be  only 
TM,  which  will  be  as  M  O  —  TO,  and  fo  when 
M  OrrT  O,  then  T  M  ~  o  ;  which  happens  when  P 
is  at  C  or  D  ;.and  then  alfo  L  M  coincides  with  P  T, 
and  both  with  CT  ;  whence  fince  in  that  Cafe  the 
Line  OK  becomes  O  CzaO  T,  the  perturbating  Forces 
will  in  Part  vanifh  [viz.  TM zzo)  and  the  other  Part 
LM  will  make  the  Waters  at  C  heavier  than  in  any 
other  Place;  and  fince  every  thing  happens  inverfely, 
with  regard  to  the  P.artjcle  p,  it  follows,  the  Waters 
about  the  Points  C  and  O  will  be  at  a  lefs  Diftance 
from  the  Earth’s  Centre  than  any  where  elfe,  whence 
C  T  D  will  be  the  fiiorteft  Diameter  of  the  aqueous 
!  Spheroid  A  C  B  D. 

13.  The  Sun  at  S  is  fire wn  to  produce  the  fame  Sort 
of  Effe<ftseupon  the  Water,  about  the  Earth  ;  only  in  a 

■  lefler  Degree.  For  tho’  the  Momentum ,  or  abfolute 
Force  of  the  Sun  upon  the  Waters  is  much  greater  than 
that  of  the  Moon,  yet  the  Parts  of  the  Force  which  di- 
fturb  the  Figure  of  the  aqueous  Globe,  viz,  L  M  and 
/  m,  and  T  M,  and  T  m ,  will  in  this  Cafe  be  lefs  than 
1  before,  on  account  of  the  much  greater  Diftance  T  S 
;  than  TO.  As  the  perturbating  Forces  of  the  Moon  in 
I  the  Points  A  and  B  are  as  BO3  to  A  O3,  thofe  of  the 
!  Sun  will  be  as  S  B3  to  S  A3.  But  the  Difference  of 
|  thefe  latter  Cubes  is  much  lefs  than  that  of  the  former, 
becaufe  of  their  vaftly  larger  Roots  S  B  and  S  A.  For 
Example,  Suppofe  OAmo,  OBarn  ;  and  SAeaeico, 
and  SB— 101  ;  then  OA3  :  OB3  ::  1000  :  1331 ::  100 
:  1033  nearly.  But  SA3  :  SB3  ::  1000000  :  1030301  : : 
100  :  103  nearly. 

14.  Hence  we  fee,  that  both  the  Luminaries  produce 
a  Tide  in  two  oppofite  Parts  of  the  Earth’s  Surface  A 
andB,  in  a  Space  of  a  Day  proper  to  each,  i.  e.  in  the 
Space  of  a  Lunar,  and  Solar  Day ,  or  the  Time  in  which 
the  Moon,  or  the  Sun,  after  leaving  the  Meridian, 

j  comes  to  it  again.  The  Lunar  Day  (becaufe  of  the 
Moon’s  quick  Motion  confpiring  with  that  of  the 
j  Earth)  is  about  50  Minutes  longer  than  the  Solar  Day 
|  of  24  Hours.  And  thofe  Tides  will  always  be  moving 
j  the  fame  Way,  fometimes  together,  fometimes  fepa- 

H  3  •  rately, 
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rately,  that  of  the  Moon  always  following  after  that  of 
the  bun. 

15.  In  order  to  compute  (the  Forces  of  the  Sun  and 
Moon  to  raife  the  Waters,  we  will  fuppofe  (at  prefent) 
that  P  is  the  Moon,  and  T  the  Earth,  then  L  M  will 
be  the  Addition  of  the  Moon’s  Gravity  to  the  Earth 
arifine  from  the  Aflion  of  the  Sun  S.  AVhen  P  is  at 
C  then  L  M  will  be  as  C  T,  which  let  us  call  A. 
The  Gravity  of  the  Earth  towards  the  Sun  will  be  ex¬ 
pound  d  by  T  S,  which  call  F,  that  is,  let  C  T  :  T  S  : 
A  :  F.  Let  P  be  the  periodical  Time  of  the  Earth  about 
the  Sun,  and  p  that  of  the  Moon  about  the  Earth  ;  alfo 
let  f  be  the  Force  of  Gravity  in  the  Moon  towards  the 
J  -re  TC 

Earth  ;  then  will  F  :  —  (by  An.  XXXIV. 

FA  ,  !  FA 

6.)  therefore  F  :  / : :  ^  ;  confequently, 

=  that  is,  p=.  whence  A:f::p 

the  additional  Gravity  to  the  Mom  at  C,  is  to  the  Gravity 
ef  the  Moon  towards  the  Earth ,  as  the  Square  cf  the 
Mo  n's  Period  to  the  Squat  e  of  the  Eai  th' s  Period.  Now 
p—2  7  Days  7  Hours  43';  and  P  =  365  Days  6  Hours 
9',  whence/)1  :  P1  ::  icoo  :  178725  ::  1  :  t78<wo 
A:/. 

1 6.  Now  the  Semidiameter  of  the  Earth  being  put 
—  1,  and  G=  Power  of  Gravity  on  its  Surface  ;  fince 
the  Mean  Dift^nce  of  the  Moon  from  the  Earth  is  60 
Semidiameters  of  the  Earth,  we  fhall  have/:  G  : :  I1  : 

Q 

6cP  ::  1  :  3600  ;  therefore  3600  /=G,  and/  =  ^r^o> 
which  being  put  for /,  in  the  Proportion  above,  we  have 

(j.  (j- 

A  :7^o  ::  1  : 178,725  ;  whence  178,725 

Therefore  A  :  G  ::  1  : 178,725X3600=64340°* 

17.  What  we  have  hitherto  faid  is  upon  Suppofition 
that  the  Moon  revolves  about  the  Centre  of  the  Earth 
at  Reft  ■,  but  this  is  not  the  Cafe,  for  both  the  Earth 
and  Moon  revolve  about  one  common  Centre  of  Gravity 
(as  we  have  fhewn  An.  XXXVI.)  and  allowing  the  Mai's 
ef  Mutter  in  the  Moon  to  that  in  the  Earth  as  1  to 

20,788, 
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39,788,  we  find  the  true  Mean-Diftance  of  the  Moon 
from  the  Earth  revolving  about  the  common  Centre  of 
Gravity,  to  be  (  0,5  Semidiameters  of  the  Earth  ;  but 
the  Force  by  which  it  is  retain’d  in  its  Orbit  at  60  Se¬ 
midiameters,  is  to  the  Force  retaining  it  at  6oi  (re¬ 
volving  in  the  fame  Time  as  before)  as  60  to  6of  (as 
was  fhewn  Annotat.XXX IV.  8.)  wherefore  60  :  6oj:: 

f :  —-f’f.—f  tru]y  equated.  But  here  f  —  ,  and 

before  we  had  f  =  therefore-^— ^  — —  ,  and  fo 

oo1  00,5  to1 

=  f ;  wherefore  A  :  G :: i :  643400  X 

-r-°—  =  63805  9,78=^,  that  is  A 
60,5  0  b 

18.  After  the  fame  Manner  it  is  fhewn,  if  any  Body 

P  revolve  about  the  Earth  at  its  Surface,  it  would  at  C 

have  an  additional  Gravity  a,  which  would  be  as — 

x 

G  G 

therefore  A  :  a  ::  601  :  1  ::  r  :  whence  a-  =60  \  a 

b  x  l 


—  604X6380^9, 78  =  38602616,7.  Now  becaufe  the 
Waters  will  be  affecfted  juft  in  the  fame  Manner  as  fuch 
a  Body  revolving  at  the  Earth’s  Surface,  by  the  Influence 
of  the  Sun,  (becaufe  both  will  yield  to  an  imprefs’d 
Force)  therefore  the  Power  of  the  Sun  to  increafe  the 
Gravity  of  the  IV iters  at  C  and  D,  is  to  the  Power  of 
Gravity  as  1  to  38602616,7. 

I9;  in  order  to  eft i mate  this  Force  at  A  and  B, we  muft 
find  the  Value  of  L  M  there,  by  which  the  Particle  at 
A  is  impell’d  towards  T  ;  and  of  TM,  by  which  it  is 
impell’d  in  a  contrary  Direction  towards  S.  Then  will 
the  Difference  of  thefe  two  Forces,  viz.  T  M — L  M, 
be  the  Force  required.  In  order  to  this,  it  muft  be 
ccnfidered,  that  on  account  of  the  prodigious  Diftance 
of  O  in  Comparifon  of  P,  the  Angle  POT  will  be  ex¬ 
ceeding  fmall,  and  the  Lines  O  L,  O  M,  may  be  look¬ 
ed  upon  as  parallel,  and  therefore  LM=P  F,  and  P  L 
=T  M,  very  nearly. 

20.  Then  when  P  coincides  with  A,  and  K  with  T, 
we  have  LM  =  AT  =  PK,  and  TM  =  PL  =AT+ 

H  4  KL  }* 


IO3 


Hydraulics. 

KL  ;  wherefore  TM — LM=KL,  which  therefore  is 
the  whole  Force  by  which  the  Waters  at  A  are  drawn 
from  the  Earth’s  Centre  T.  In  the  fame  Manner  it  is 
{hewn  that  'Ym — J  m  —  kl  zz  tathe  whole  perturbating 
Force  at  B. 

21.  Again,  fince  SP  is  nearly  equal  to  SK,  and  it  is  SL 
:  SK  : :  SK’’  :  SP1,  and  therefore  SL — SK  :  SK  -  SK1 
^-SP1 :  SPVthat  is,  K  L  :  S  K  ::  P  KXSK+SP  :  SP1 
(becatife  the  Difference  of  the  Squares  of  any  two  Num¬ 
bers  is  equal  to  their  Sum  multiplied  by  their  Diffe¬ 
rence  ;  thus  a-\-b  X  a — b  —  a  a  —  bb.)  Therefore 
fince  SKr=SP,  we  have  KL  :  S  P  : :  PKX2SP  :  SP1  :: 
2PK  :  SP  ;  wherefore  KL— 2PK,  and  PL  zz  TM  = 
3  PK. 

22.  Hence  when  P  coincides  with  A,  we  have  PK 
—  AT— PT=LM,  and  therefore  T  M=aPK~ 3LM  -y 
Whence  TM — LM  =  KL  zz  2LM  zz  2AT  2=  2CT. 
But  C  T  exprefles  the  additional  Gravity  at  C  ;  there¬ 
fore  KL— aTC,  is  the  Force  by  which  the  Waters  are 
drawn  from  T  towards  S ;  and  fince  TC  =  a  = 

G  2  G  G 

38602616,7’  we  have  38^02616,7  —19301308,3  3 

that  is,  the  Diminution  of  the  Gravity  at  A  is  double 

the  Increafe  of  it  at  C,  and  is  the - „ —  Part  of 

I93oi5o8,3 

the  whole  Gravity. 

2?.  Hence  the  Sum  of  both  the  Forces  K  L  -}-  L  M 

2  G  .  G  _  _ 3_G _ 

””  3800261 6*7  +  38602616,7  38602616,7 

G 

~  - - _-  ;  or  the  whole  Force  of  the  Sun  to  a- 

12867538,9 

gitate  the  Waters  of  the  Ocean  will  be  the— — ~ 

Part  of  the  Gravity  or  Force  of  the  Earth’s  Attraction. 
This  is  the  Force  in  any  given  Place  to  which  the  Sun 
is  vertical,  and  in  his  Mean  Diftance  from  the  Earth. 
In  other  Pofitions  of  the  Sun,  the  Force  will  vaiy  in 
the  Proportion  of  the  verfed  Sine  of  double  the  Suns 
Altitude  above  the  Horizon  dir  edit) ,  and  the  Cube  of  its 
D  fiance from  the  Earth  inverfely, 

24.  It 
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24.  It  has  been  {hewn  that  the  centrifugal  Force  oF 

the  Parts  of  the  Earth  under  the  Equator  is  YLpart  of 

H  289 

Gravity,  (Annctat.  XXXIV.  20.)  wherefore  the  cen¬ 
trifugal  Force  is  to  the  Sun’s  Force  to  agitate  the  Sea, 
as  12867538,9  to  289,  or  as  44524,4  to  r.  Alfo 
fince  the  Diameter  of  the  Equator  is  to  that  of  the  Poles 
as  230  to  229  (as  was  there  fhewn),  if  we  fay  as  229  : 
230  ::  4000  :  4017,5,  the  Difference  17,5  Miles,  or 
924000  Feet,  is  the  Effect  or  Elevation  at  the  Equator, 
occafioned  by  the  Centrifugal  Force.  Say  then.  As 
44524,4  :  924000  : :  1  :  2,07—2  Feet  ±  of  an  Inch— 
24  84  Inches,  which  therefore  is  the  Height  which  the 
Sun  can  elevate  the  Waters  to  at  A  and  B  above  that 
•at  the  Points  C  and  D. 

2  5.  In  this  Computation,Pro/^7srEuLER  has  thought 
fit  to  find  great  Fault  with  Sir  Isaac  Newton,  and 
his  Principles,  calling  this  Altitude  of  25  Inches  an 
enormous  and  erroneous  Effc£l,  becaufe  his  own  Calcula¬ 
tion  produces  but  ~  a  Foot,  or  a  little  more,  for  the 
Height  to  which  the  Sun  can  elevate  the  Sea.  But  fince 
Meffrs.  Bernoulli  and  MacLaurin  have  each  of  them  fe- 
parately  instituted  the  Calculus,  and  refolv’d  the  Pro-J 
blem,  with  fuch  an  exact  Agreement  with  each  other, 
and  with  Sir  Jfaac ,  there  is  no  Room  to  doubt  of  the. 
Truth  of  it ;  and  it  appears  to  depend  on  as  certain 
Principles,  and  more  evident  than  thofe  which  Mr. 
Euler  has  advanced  in  Contradiction  to  Sir  Ifaac  New¬ 
ton. 
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26.  The  Power  of  the  Sun  to  move  the  Waters  has 
been  computed  by  means  of  the  periodical  Times  of  the 
Earth  and  Moon  ;  and  after  the  fame  Manner  might  be 
computed  the  Force  of  the  Moon  to  difturb  the  Waters, 
were  there  any  Satellite  revolving  about  the  Moon  to 
compare  its  periodical  Time  with  the  Moon’s  pe¬ 
riodical  Time  ;  but  as  there  is  none,  wemuft  have  ie~ 
courfe  to  other  Methods,  the  eafieft  of  which  is,  to 
collect  the  Proportion  of  the  Force  of  the  Sun  and 
Moon  from  the  Proportion  of  their  EffeHs  on  the  VV  a- 
ters  of  the  Sea  ;  that  is,  by  obferving  the  Heights  to 
which  they  rife  when  they  a£t  together,  and  when  they 
a£i  contrarily  ;  thus  Stirmius  obferved  at  the  Mouth  of 

the 


the  Avon ,  at  the  third  Stone  below  Brijlol ,  that  the 
Water  in  the  Syzygies  was  about  45  Feet,  and  in  the 
Quadratures  about  25  Feet.  Alfo  at  Plymouth ,  Cap¬ 
tain  Colprefs  obferved  thofe  Elevations  to  be  as  20  \  to 
11  4,  or  41  to  23.  At  Havre  de  Grace  the  Altitudes 
have  been  obferved  as  17  to  11.  The  Mean  of  all 
thefe  Proportions  is  10  to  6.  Let  S  =  the  Sun’s  Force, 
and  L  =  the  Moon’s  Force  ;  then  will  L  -f-  S  :  L  —  S 
::  10  :  6  ::  5  :  3  ;  whence  L  :  S  ::  4  :  r,  or  the  Force 
of  the  Moon  will  be  about  4  times  greater  than  that  of 
the  Sun. 

27.  And  this  would  be  a  determination  fufficiently 
exaft,  were  the  Sun  and  Moon  in  the  Equator,  in  their 
Mean  Diftances  from  the  Earth  ;  alfo  were  the  Tides 
to  be  greateft  and  leaft  in  the  Syzygies  and  Quadratures, 
and  the  Diftance  of  the  Moon  the  fame  in  each  ;  but 
fince  all  thofe  Things  are  found  otherwife  in  Fail,  we 
fhall  have  the  above-mentioned  Proportion  varied  by 
them  in  fuch  manner,  that  it  will  become  at  laft 
1, 017522L+0, 7986355  8:0,98304-27  X  0,8570327  L 
—  0,7986355  s  ::  5  :  3;  or,  putting  Letters  for  the 
Numbers,  a—  1,0175,  £  =  0,7986,  <1  =  0,983,  d  = 
0,857,  we  have  a  L  -}-  £S  :  cd L  —  b  S  ::  5  :  3. 

28.  Hence  a  L  +  b  S  :=  5,  and  r<^L  — 

■* — =  S,  which  fubftituted  in 


whence 


^  S  —  3 » 

the  other 


Equation  gives  c  dh  —  5  -}-  «  L  =  3,  or  cdL  ah 

—  8,  whence  L  =  — — ; —  =  4,301 :  then- — — —  = 
cd-\-a  r  0  b 

0,7808  =  S.  Wherefore  S  :  L  ::  07808  :  4,301  ::  1  : 

5,508  ;  but  if  we  take  the  Mean-Proportion  of  Tides 

as  9  to  5 ,  as  Sir  IJaac  Newton  has  done,  then  S  :  L  :: 

1  :  4,4815.  Since  the  Sun  elevates  the  Water  25 

Inches,  the  Moon  will  elevate  it  25  X  5,508  Inches  =  ; 

137,7  =:  11  i  Feet.  The  Sum  of  both  Forces  (hould 

elevate  the  Water  1  3  ^  Feet  at  the  New  and  Full  Moon,  ! 

and  the  Difference  of  the  Forces  fhould  raife  the  Water 

91  Feet,  as  in  the  Quarters  ;  and  thefe  Heights  anfwer 

pretty  well  to  Obfervations  :  For  in  the  Atlantic  and  1 

AEthiopic  Oceans  the  Tides  are  found  from  6  to  15  Feet 

Altitude,  and  generally  higher  in  the  great  Pacific  Ocean. 

In 
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In  fhort,  that  the  Phenomena  of  the  Tides,  in  this  re- 
fpedt,  may  anfwer  to  the  Theory,  the  whole  Globe 
fhould  be  covered  with  very  deep  Water  ;  at  lead  the 
Ocean  fhould  not  be  lefs  than  90  Degrees  wide,  or  one 
Quarter  of  the  Globe.  _ 

29.  The  Sum  of  all  that  has  been  faid  is  this  :  Plate 
If  NOP  Q_be  the  Surface  of  the  Earth,  T  its  Centre,  XXVI. 
IFKGLHCE  a  Circle  reprefenting  the  fpherical  Fig.  2. 
Surface  of  the  Waters  covering  the  Earth,  and  affedted 

only  with  the  Gravity  of  the  Earth  ;  upon  placing  an 
attradting  Body  at  S  at  the  Diftance  S  T,  the  Waters 
will  no  longer  continue  their  fpherical  Figure,  but  be 
immediately  drawn  into  a  fpheroidical  Figure  ACBD, 
in  fuch  manner,  as  to  be  deprefs’d  at  C  and  D  to  M  and 
K,  and  elevated  from  L  and  I  to  A  and  B ;  and  the 
Elevation  A  L  or  B  I  is  double  the  Depreffion  C  M  or 
DK.  That  if  S  be  the  Sun,  then  AP  —  OK  =  A  L 
+  KD  =  25  Inches  ;  orn|  Feet,  if  S  be  the  Moon. 

That  at  the  Points  E,  F,  G,  H,  (which  are  call  d  the 
Oftants)  the  Water  is  neither  elevated  nor  deprefs’d. 

That  if  any  other  Body  be  placed  at  O  (as  the  Moon) 
in  the  fame  Right-line  T  S;  then  by  the  joint  Influence 
of  both  S  and  O,  the  Elevation  at  A  and  B  will  be  in- 
creafed,  and  the  Depreffion  at  C  and  D  likewife.  Lafl:- 
ly,  if  S  be  in  the  Situation  S ,  or  vertical  to  the  Point 
D,  ’tis  plain  its  Adtion  to  raife  the  Water  D  will  be 
diredtly  contrary  to  that  of  the  Moon  in  depreffing  it 
there ;  wherefore  the  Depreffion  will  not  be  fo  great  as 
before ;  for  the  fame  Reafon  the  Elevation  at  A  and 
B  will  be  diminifhed,  being  now  only  as  the  Difference 
of  the  two  Forces,  whereas  before  they  were  as  the 
Sum. 

30.  We  fhall  now  confider  the  Phaenomena  of  the 
Tides  which  remain  ;  and  firft,  it  is  evident,  that  if 
PN  be  the  Axis  of  the  Earth,  and  Q_0  the  Diameter 
of  the  Equator,  then  the  Moon  fituated  at  O,  over  one 
of  the  Poles,  would  accumulate  the  Water  over  each 
Pole,  and  the  Spheroid  would  be  fo  pofited  as  to  have 
its  longeft  Axis  A  B  coinciding  with  the  Axis  or  the 
Earth  P  N.  In  this  Pofition  of  the  Spheroid,  ’tis  plain, 
there  could  be  no  fuch  Thing  as  a  I  ide  in  any  Part  of 
the  Ocean  over  all  the  Earth,  for  every  Sedition  of  the 

Spheroid, 
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Spheroid,  parallel  to  the  Equator,  would  be  a  Circle  4 
eonfequently  in  any  Parallel  of  Latitude,  the  Water 
would  be  at  an  equal  Diftance  from  the  Earth’s  Sur-  . 
face  every  Moment  of  the  diurnal  Revolution,  or  na¬ 
tural  Day. 

31.  Suppofe  the  Moon  were  removed  from  the  Di- 

reftion  of  the  Earth’s  Axis,  and  pofited  at  S,  then  will  , 
the  Axis  of  the  aqueous  Spheroid  A  B  be  turned  to¬ 
wards  S,  and  make  an  Angle  with  the  Earth’s  Axis,  as 
A  T  P  or  B  T  N.  Then  we  obferve,  that  fince  C,  D, 
are  the  Places  of  loweft  Water,  that  Parallel  IK  which 
paffeth  through  the  Point  I  on  one  Side  the  Equator, 
and  L  M  which  paffcs  through  M  on  the  other,  will 
divide  the  Earth  into  three  Zones,  in  two  of  which,  , 
viz.  E  N  K  and  L  P  M,  there  will  be  but  one  Tide 
each  Day ,  of  the  fame  Kind  ;  for  inftance,  in  the  Pa¬ 
rallel  EF,  a  Perfon  at  F  will  have  high  Water,  and  at 
E  low  Water  12  Hours  after.  Again,  in  all  the  Zone 
I  K  M  L,  there  will  be  two  Tides  of  the  fame  Kind 
each  Day,  as  is  evident  from  the  Figure.  Thefe 
Limits,  or  the  Arch  QJ  or  O  M  is  the  Complement  of 
the  Moon’s  Declination  from  the  Equator.  £  j 

32.  If  the  Moon  at  S  be  over  the  Equator,  the 

longer  Axis  of  the  Spheroid  A  B  will  now  coincide 
with  the  Plane  of  the  Equator  Q_0,  and  the  Ihorter 
Axis  CD  with  the  Axis  of  the  Earth  N  P.  Here  ’tis 
obvious,  that  in  this  Situation  of  the  Spheroid,  the 
Waters  in  the  Parts  A,  B,  with  refpedt  to  thofe  at  C  D, 
will  give  the  greateft  Difference  of  high  and  low  Water 
poffible  to  all  Parts  of  the  Earth  ;  and  that  there  is  no 
Place  but  thofe  two  at  the  Poles  N,  P,  but  what  has 
two  Tides  of  Flood,  and  two  of  Ebb  every  24  Hours. 
And  this  Difference  of  the  Flux  and  Reflux  will  de- 
creafe  from  the  Equator  to  the  Poles.  '  ,1 

33.  I  have  already  obferved  that  the  greateft  Eleva¬ 
tion  of  the  Waters  is  not  when  the  Luminary  is  in  the 
Meridian,  but  about  three  Hours  after,  becaufe  the 
Motion  communicated  to  the  Waters  during  the  Ar¬ 
rival  to  the  Meridian  is  not  immediately  deftroyed,  but  ;j 
remains  fome  Time,  and  receives  a  farther  Augmenta¬ 
tion  from  that  which  is  imprefs’d  for  about  three  Hours 
after,  for  the  fame  Reafon,  we  obferve,  the  greateft 
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and  leaft  Tides  happen  not  on  the  Day  of  the  Syzygy, 
or  Quadrature,  but  on  the  3d  or  4th  after  j  the  Sum  or 
difference  of  the  Forces  of  the  Luminaries  not  being 
till  then  at  a  Maximum. 

34.  Let  S  F  E  G  be  the  Orbit  of  the  Moon  about 

the  Earth  Q_N  O  P,  which  as  it  is  not  circular  but  Plate 
elliptical,  the  Centre  of  the  Earth  T  will  not  be  al-  XXVI. 
j  ways  at  an  equal  Diftance  from  the  Moon ;  but  the  Fig.  5, 
Moon  will  be  fometimes  neareft  the  Earth,  as  when  at 
S,  and  fometimes  fartheft  off,  as  at  E.  The  Point  S 
is  called  the  Perigaum ,  or  Perigee ;  and  the  Point  E  the 
Jpogeeum,  or  Apogee.  The  Power  of  the  Moon  in  her 
Perigee  is  to  that  in  the  Apogee  nearly  as  T  E3  to 
'  T  S3 ;  and  confequently  the  greateft  Tides  will  be  on 
the  Day  of  the  Perigee,  or  rather  a  few  Days  after, 
j  for  the  Reafons  above-mention’d. 

35.  This  is  very  nearly  agreeable  to  Experience. 
jFor  in  the  Year  1713,  February  26,  the  Elevation  of  the 

Water  at  Brijlol  was  22 Feet  5  Inches;  and  on  March 
13th,  it  was  18  Feet  2  Inches.  The  Moon,  in  the 
firft  Cafe,  was  in  her  Perigee,  and  diftant  from  the 
Earth  953  Parts,  of  which  the  Mean-Diftance  con¬ 
tains  1000.  In  the  latter  Cafe  fhe  was  in  her  Apogee, 
and  her  Diftance  was  1032.  Now  10323  :  953s  :: 

224  Feet  :  17  Feet  8  Inches,  which  is  but  6  Inches 
lefs  than  the  Altitude  obferved.  All  other  Circum- 
Iftances  were  equal  in  both  Cafes. 

36.  In  like  Manner,  fince  the  Earth  moves  about 
the  Sun,  in  an  Orbit  in  fome  fmall  Degree  elliptical, 
the  Sun  will  be  at  one  Time  neareft  to  the  Earth  (and 
that  is  call’d  the  Perihelion)  and  at  another  Time  far¬ 
theft  diftant  from  it,  (which  is  then  call’d  the  Aphelion ). 

'Now  when  the  Earth  is  in  her  Perihelion ,  ( December ) 
or  a  few  Days  after,  the  Force  of  the  Sun  to  move  the 
j  Waters,  will  be  greater  than  when  in  her  Aphelion  (in 
June).  Thus  it  was  obferved  in  the  Year  1712,  De¬ 
cember  28,  the  Water  afcended  19  Feet  2  Inches,  and 
on  Jure  19  (of  the  preceding  Year)  it  afcended  but  to 
the  Height  of  18  Feet  4  Inches  :  The  Diftance  of  the 
Moon,  ’&c.  being  the  fame  in  each  Cafe,  which  will 
be  found  nearly  to  anfwer  to  the  Ratio  of  the  Cubes  of 
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the  Diftances  inverfely,  or  of  the  apparent  Diameter 

of  the  Sun  dire&ly.  j 

37.  For  fince  the  apparent  Diameter  A  B  of  any  Bo* 
dy  decreafes  with  the  Angle  A  C  B  under  which  it  i$ 
feen,  fo  that  at  C  and  D  it  will  be  as  the  Angles  ACB 
and  ADB;  and  thefe  Angles  decreafe  as  their  Radii 
(or  the  Diftances  CF,  D  F,  increafe;  it  follows  that 
the  apparent  Diameter  A  B  is  every  where  inverfely  as 


the  Diftance,  that  is,  at  C  or  D  we  have  A  B  as 


or  Whence  if  the  apparent  Diameter  of  the  Sun 


1 

dT 


he  —  D,  and  T  S  the  Diftance  of  the  Sun,  then  fince 
D  =  and  the  Sun’s  Force  (F)  to  move  the  Sea  as 

1  ‘O 


(as  {hewn  in  Art.  9.)  therefore  F  — 


=D’; 


Tig-  7- 
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that  is,  the  Force  of  the  Luminary  to  move  the  Sea  is  di¬ 
rectly  ai  the  Cube  of  the  appar ent  Diameter  thereof. 

38.  As  the  Force  of  the  Moon  to  move  the  Waters 
is  at  a  Medium  about  5  times  greater  than  that  of  the 
Sun,  which  is  the  toTSTsTs  Part  Gravity;,  that  of 
the  Moon  will  be  the  i ittt  cir Part  of  Gravity;  and 
therefore  by  far  too  fmall  to  be  fenfible  in  the  Motion 
of  Pendulums,  or  any  Kind  of  Static  or  Hydroftatic 
Experiments.  In  the  Motion  of  the  Waters  of  the  Sea 
only  can  it  produce  any  fenfible  EffedL 

39.  Fo  eftimate  the  Elevation  of  Waters  which  the 
Earth  will  produce  in  the  Moon;  let  us  fuppofe  the 
Quantity  of  Matter  (QJ  in  the  Earth  to  be  to  that 
in  the  Moon  (q)  as  40  to  1,  that  is,  Q_:  y  ::  40  :  1, 
and  let  us  firft  fuppofe  the  Earth  and  Moon  of  equal 
Bulk,  and  reprelented  by  A  I  K  and  B  D  E,  and  the 
Force  (F)  of  the  Earth,  at  the  Surface  of  the  Moon  B, 
will  be  to  the  Force  (  f )  of  the  Moon  at  the  Suitace 
of  the  Earth  A,  dire&ly  as  the  MafTes  of  Matter  in 
each  (becaufe  of  the  equal  Diftances  TB  and  LA), 
that  is,  F  :  f  ::  Q_:  q  a  40  -  1  •  Again,  let  LB  be  to 
L  C  as  the  Diameter  of  the  Earth  to  that  of  the  Moon, 


which  is  as  365  to  ioe,  then  will  the  Force  at  B  be  to 


the  Force  at  C  as  L  B  to  L  C,  which  let  be  as  F  to  fy 

then 


:  /  ::  365  : 

bove  we  have  F  =  40  f,  therefore  4000  f  =  365  f\  and 
fo  f 365  :  4000  ::  1  :  11  nearly;  that  is,  the 
Power  of  the  Earth  to  raife  the  Water  at  the  Moon  C,  is 
to  that  of  the  Moon  at  the  Earth  A  as  1 1  to  1,  very 
nearly.  * 

40.  If  then  the  Moon  can  raife  the  Water  here  10 
Feet,  the  Earth  can  raife  the  Water  thereto  the  Height 
of  no  Feet ;  butbecaufe  the  Moon  always  turns  about 
her  Axis  in  the  fame  Time  as  fhe  revolves  about  the 
Earth,  and  by  this  Means  Ihews  always  the  fame  Face 
to  the  Earth,  the  Waters  (if  any  there  be)  will  be 
raifed  on  this  and  the  oppofite  Side,  and  always  conti¬ 
nue  over  the  fame  Part  of  the  Moon’s  Surface,  fo  that 
there  can  be  no  different  Heights  of  Water  there,  and 
confequently  no  Tides,  except  what  fmall  ones  may 
happen  on  Account  of  the  Sun’s  Attraction,  and  her 
various  Inequalities  of  Motion,  and  Diftance  from  the 
I  Earth. 

j  41.  The  Air,  which  is  860  times  lighter  than  Water, 
jmuft  yield  in  Proportion  more  eafily  to  the  attracting 
I  Force  of  the  Sun  and  Moon  ;  and  therefore  the  Tides 
will  in  this  profound  and  vaft  Aerial  Ocean  be  very  con- 
; fiderable  and  importing.  But  of  this  the  Reader  may 
expect  a  further  Account  when  we  come  to  treat  di¬ 
ll  redly  of  the  Atmofphere  in  the  next  Lecture. 
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Of  Pneumatics,  or  Doctrine  of  the  Air, 
or  Atmosphere  in  general.  Of  Artifi¬ 
cial  or  Factitious  Air  ;  the  great  Quan¬ 
tity  thereof  in  Natural  Bodies  ;  various, 
Experiments  relating  thereto.  Of  the  j 
Weight  of  the  Air  ;  of  the  Nature  of  the 
Barometer  for  efii mating  the  fame  ;  an 
Account  of  the  fever al  Kinds ,  viz.  the  Per¬ 
pendicular,  Diagonal,  Horizontal,  Pen-  i 
dent.  Wheel,  and  Water  Barometers.  1 
The  bcfl  Way  of  making  the  Common  Ba¬ 
rometer.  The  Nature  and  XJfe  of  the 
Nonius,  applied  thereto ,  explain'd.  The 
Lfe  of  the  Barometer  in  meafuring  the 
Heights  of  Mountains,  &c.  The  Spring  ;j 
or  Elasticity  of  the  Air  accounted  for , 
and  explain  d.  The  Nature  of  the  Sea- 
Gage  explain d.  The  Altitude  of  the 
Atmosphere  determin'd.  The  Art  of  ■] 
Sailing  in  the  Air  proved  impofjible. 
The  Absolute  Weight  of  the  Air  de¬ 
termin'd  by  Experiment.  Its  variable  Pref- 
fure  on  Human  Bodies;  the  Quantity 
thereof  computed.  An  Account  of  fifty 
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"Experiments  of  the  Air-Pump  relating  to 
the  Weight ,  Spring ,  and  other  Properties 
‘of  the  Air;  A  particular  Nefcription  of 
the  Air-Pump ;  an  Air-Pump  of  a  new 
Invention.  Ehe  Diving-Bell  explain'd. 

Ehe  Nature  and  Ufe  of  Thermometers 
explain'd.  The  Newtonian  Standard 
Thermometer.  Farenheit’s  new  Mer¬ 
curial  Thermometer  explain'd ,  Hygro¬ 
meters  of  fever al  Sorts  explain'd.  Ehe 
Common  Air-Gun  explain'd.  Ehe  Maga¬ 
zine  Air-Gun  particularly  defer i bed. 

rpHAT  Part  of  Natural  Phi lofiphy 
which  treats  of  the  Nature ,  Pro¬ 
perties  and  Effedls  of  the  Atmo¬ 
sphere,  or  Body  of  Air  encompaffing  the 
Earth ,  is  called  PNEUMATICS,  from 
the  Greek  Word  for  Wind  or  Breath. 

The  Air  is  generally  efteemed  a  Fluid, 
but  yet  differs  from  the  general  Nature  of 
Fluids  in  three  Particulars,  viz.  (1.)  In 
that  it  is  cornpreffble ,  which  Property  no 
other  Fluid  has.  (2.)  It  cannot  be  con - 
geald,  or  any  how  fixed ,  as  all  other  Fluids 
tn ay.  (3.)  It  is  of  a  different  Eenfity  in 
every  Part,  decreafing  from  the  Earth's 
I  Surface  upwards ;  whereas  other  Fluids  are 
I  of  an  uniform  Denfity  throughout.  The 
Vol.  II.  I  Air 
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Air  is  therefore  a  Fluid  fui  generis,  if  it  be  T; 
properly  any  Fluid  at  all  (LXXXV.)  *  jh 

That  the  Air  was  created  at  firft  with 
the  Earth  itfelf,  is  not  to  be  doubted ;  and' 
that  ever  fmce  there  has  been  a  conjiant \ 
Generation  of  Particles  of  Air  by  the  mu¬ 
tual  A&ion  of  Bodies  upon  each  other,  as1 
in  Fermentations,  and  all  Kinds  of  natural' 
and  artificial  Chemiftry,  Sir  Ifiaac  Newton. 
thinks  very  reafonable  to  fuppofe ;  and 
Mr.  Boyle  has  given  numerous  Experiments 
relating  to  the  Production  of  artificial  or 
j'aBitious  Air  (LXXXVI). 

(LXXXV.)  What  is  here  Laid  of  the  incongealable1 
Quality  of  the  Air,  relates  tothelmpoffibility  of  chang¬ 
ing  it  from  a  Fluid  to  a  Fixed  State  by  Cold,  as  Water 
is  congeal’d  or  converted  into  Ice ;  and  melted  Metals 
are  brought  to  their  fixed  State  :  And  in  this  particular 
limited  Senfe,  the  Air  is  incongealable ,  or  uncapable  of 
Fixation.  But  yet  it  is  not  abfolutely  fo  ;  for  we  find 
by  various  Experiments,  that  Air  has  a  fixed  State  in 
the  Compofition  of  natural  Bodies,  from  which,  when 
fet  at  Liberty,  it  becomes  a  fluid  elaftic  Air,  like  the 
common  Air;  and  this  again,  from  a  Fluid,  may  be!  > 
reduced  to  a  fixed  State  in  Compofition  with  other  Mat¬ 
ter,  though  not  per  fie ;  for  we  know,  as  yet,  of  no 
fixed  Body  confiding  entirely  of  Air.  i 

(LXXXVI.)  i.  Since  Air  is  abfolutely  neceflary  for 
the  Life  of  Mari,  and  moft  Animals,  yea,  and  Vege¬ 
tables  too,  it  was  neceflary  at  the  firft  Formation  of 
the  Earth  to  render  it  a  Habitation  for  Animals,  and  a1 
proper  Matrix  for  the  Production  of  Plants.  Now  fince 
there  is  a  conftant  Generation  of  Air  from  all  terreftrial 
Subftances  (as  we  fhall  fhew  by  and  by)  it  follows, 
that  the  original  Atmofphere  muft  be  always  increafing 

That 


Pneumatics.  n  ? 

That  the  Air  is  a  heavy  or  ponderous 
Body,  mnft  follow  from  the  Nature  of  the 

|  in  Quantity  and  Bulk,  unlefs  we  fuppofe  all  that  is  ge- 
1  nerated  is  again  abforb’d  or  refixed  in  the  Subftance  of 
Bodies.  And  this  alternate  Tranfmutation  of  the  Stats 
of  Air  is  extremely  manifeft  from  numberlefs  Experi¬ 
ments  which  have  been  made  by  Mr.  Boyle,  and  Dr, 
i  .Hales,  of  which  I  Ihall  here  give  an  Account  of  fome 
!  of  the  principal  of  both  Kinds,  as  follows. 

2.  The  Produ&ion  of  artificial  or  factitious  Air  is 
i  caufed  either  (i.)  by  flow  Degrees  from  Putrefa&ions 
[and  Fermentations  of  all  Kinds;  or  (2.)  more  expedi- 
!  tioufly  by  fome  Sorts  of  chymical  Difiblutions  of  So¬ 
fties ;  or  (3.)  and  laftly,  almoft  inftantaneoufly  by  the 
fi  Explofion  of  Gunpowder,  and  the  Mixture  of  fome 

1  Kinds  of  Bodies.  Thus,  if  Pafte  or  Dough  with  Lea- 
jven  be  placed  in  an  exhaufted  Receiver,  it  will,  after 
fome  Time,  by  Fermentation,  produce  a  confiderable  * 

1  Quantity  of  Air,  which  will  appear  very  plainly  by  the 
fc  jSinking  the  Quickfilver  in  the  Gage.  Thus  alfo  any 
t>  Animal  or  Vegetable  Subftance,  puirifying  in  Vacuo , 

I  will  produce  the  fame  EffeCt. 

3.  Gunpowder,  fired  in  Vacuo,  inftantly  generates  a 
large  Quantity  of  Air  in  the  Receiver,  which  caufes  the 
I  Quickfilver  to  fubfide.  And  in  the  remarkable  Expe- 
I  riment  of  Dr.  S/are,  half  a  Drachm  of  Oil  of  Car- 
1  raway-Seed,  poured  upon  a  Drachm  of  the  Compound 
I  jSpirit  of  Nitre,  produced  fuch  a  prodigious  Quantity  of 
Air,  as  inftantly  blew  up  the  Receiver,  which  was  fix 
Inches  in  Diameter,  and  eight  Inches  deep.  The  Pref- 
I  liure,  therefore,  of  the  Atmofphere  on  the  exbaufted 
:  Receiver,  which  it  overcame,  was  above  400  lb.  rec  • 

B  koning  15  lb.  to  a  fquare  Inch. 

4.  But  Dr.  Hales,  in  his  Vegetable  Statics,  has  greatly  Plate 
excelled  in  his  Experiments  of  this  Kind,  and  in  the  XXVII. 

I  Methods  of  making  them:  One  of  which  was  by  Dif-  Fig.  1. 
f  filiation ,  the  other  by  Fermentation .  That  by  Dijiilla- 
K  tion  is  as  follows  :  the  Matter  to  be  diftill’d  is  put  into 
b  khe  Retort  r,  and  then  at  a  is  cemented  very  faft  the 

I  2  Matter 
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Matter  of  which  it  doth  confift  >  and  fmee 
thofe  Particles  arife  from  Bodies  of  every 

Glafs  Veffel  a  b ,  which  was  very  capacious  at  b,  and 
had  an  Aperture  c  d,  or  Hole  at  the  Bottom.  The 
Bolt-Head  a  b  being  thus  immerfed  in  Water,  with 
one  Leg  of  an  inverted  Syphon  put  up  a,s  far  as  z,  the 
Water  would  rife  in  the  Bolt-head,  and  drive  out  the 
Air  through  the  Syphon,  which  being  taken  out,  the 
Water  will  remain  in  the  Veffel  to  the  Part  z;  at  the 
fame  Time,  while  the  Bolt  head  is  under  Water,  it  is 
placed  in  the  Veffel  .vx,  which  with  the  Bolt-head  and 
Retort  is  carried  to  the  Chymical  Furnace,  where  the 
Retort  has  the  Heat  and  Fire  gradually  communicated 
to  it,  and  the  Bolt-head  a  b  and  Veffel  at  *  Well  fereen’d 
from  the  Heat  of  the  Fire. 

5.  As  the  Matter  diltill’d,  all  except  the  Air,  would 
go  down  into  the  Water  of  the  Bolt- head  and  Veffel  ; 
the  Air  that  was  generated  or  deftroyed  by  the  Procefs 
would  be  fhewn  by  caufing  the  Surface  of  the  Water 
in  the  Bolt-head  to  hand  below  or  above  the  Point  z, 
as  at  y,  when  all  was  fet  afide  till  it  became  quite  cold. 
Thus  if  the  Body  diftilling  generates  Air  of  an  elaftic 
Quality,  that  added  to  the  former  will  not  permit  the 
Water y  to  rife  fo  high  as  z,  and  the  Space  between  z 
and  y  below  will  fhew  how  much  Air  was  produced 
from  its  fixed  State. 

6.  But  if,  when  all  is  cold,  the  Surface  of  the  Wa¬ 
ter  y  be  feen  above  the  Point  z,  it  then  fhews  that  the 
diftill’d  Body  did  deffroy,  that  is,  imbibe  or  abforb,  a 
Part  of  the  natural  Air  above  z;  and  the  Space  between 
z  and  y,  fill’d  with  Water,  will  fhew  what  Quantity 
was  changed  from  a  repellent  elaftic  to  a  fixed  State,  by 
the  ftrong  Attraction  of  the  abforbing  Particles  of  the 
diftill’d  Body.  This  Quantity  of  generated  or  abforbed 
Air  it  is  eafy  to  meafure  in  Cubic  Inches,  by  flopping 
the  End  of  the  Bolt-head  with  a  Cork,  and  then  from 
a  Quantity  of  Water  of  a  known  Weight  to  fill  it  firft 
to  2,  and  afterwards  toy ;  and  the  Difference  of  Weight 
in  the  two  Bulks  of  Water  gives  the  Number  of  Cubic 

Kind 
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Kind  in  or  upon  the  Earth,  ’tis  evident 
the  conflituent  Parts  of  Air  are  of  a  moft 


1 1 


I 


I  Inches  from  a  Table  of  fpecific  Gravities,  in  the  Man¬ 
ner  we  have  formerly  fhewn. 

7.  The  other  Method  which  the  DoSor  made  ufe  of 
for  eftimating  the  furprizing  Effedfs  of  Fermentation 
arifing  from  various  Mixtures  of  foil'd  and  fluid  Sub- 
ftances,  in  generating  and  abforbing  Air,  was  as  fol¬ 
lows:  He  put  the  Ingredients  into  the  Bolt-head  b,  and 
then  run  the  long  Neck  thereof  into  a  tall  cylindric 
Glafs  ay,  and  inclining  both  almoft  horizontally  in  a 
arge  VefTel  of  Water,  the  Water  ran  into  the  VeflelPlate 
iy,  and  driving  out  Part  of  the  Air  would  poflefs  its  XXVII 
f’lace  upon  turning  them  up  and  placing  both  in  a  Veflel  Fig.  2» 
)f  Water  a-  x,  as  you  fee  in  the  Figure,  where  the  Sur- 
ace  of  the  Water  Hands  in  the  inverted  Glafs  a  y  at 
jhe  Point  z. 

8.  If  the  Ingredients  generated  Air,  then  the  Water 
vould  fall  from  z  toy,  and  the  empty  Space  zy  was 
qual  to  the  Quantity  of  generated  Air  ;  but  if  on  Fer- 
nentation  they  ab'orbed  or  fix<  d  the  adtive  Particles  of 
Mr,  then  the  Surface  of  the  Water  would  afcend  from 

to  n  ;  and  the  Cylinder  z  n  would  be  the  Bulk  of  Air 
bforb’d,  which  is  eafily  known  in  Cubic  Inches. 

9.  When  the  Subjedls  for  trying  thefe  Experiments 
'ere  a  burning  Candle,  burning  Brimftone,  Nitre,  Gun- 
owder  fired,  living  Animals,  &c.  the  Dodfor  ufed  to 
iiake  ufe  of  a  Pedeftal,  on  the  Top  of  which  was  a 
late  whereon  he  laid  tire  Matter  to  be  fired  ;  then  in¬ 
erting  the  tall  cylindric  Glafs  over  it,  and  drawing  the 
Vater  up  to  z  z  with  an  inverted  Syphon,  he  fet  fire  to 

jje  Matters  lying  on  thejPJate  bygmeans  of  a  Burning-  Fig.  3- 
Ilafs  concentering  the  Sun’s  Rays  in  its  Focus  upon  the 
me.  See  the  Figure. 

10.  But  the  Way  that  I  make  ufe  of,  and  which  is 
e  moft  eafy  and  expeditious  poflible,  is  inftead  of  hav- 

.  g  the  cylindric  Glafs  clofe  upon  the  Top  at  b  b,  to 
live  it  open  by  a  fmail  Neck,  on  which  a  brafs  Cap  is 
•mented  with  a  Female-Screw  to  receive  a  Stop-Cock, 

I  3  heterom 
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heterogeneous,  Nature ,  and  infinitely  various 
in  their  Ipecihc  Gravities :  Whence  alfo  it 

to  take  off  the  Communication  of  the  external  Air 
when  Occafion  requires.  Thus  the  Ule  and  Trouble 
of  the  Syphon  is  fuperfeded  ;  and  in  cafe  of  noxious 
Fumes,  Vapours,  &c.  from  Aquafortis')  burning  Brim- 
(tone,  a  Syi  inge  ferew’d  on  to  the  Stop- Cock  will 

draw  off  the  Air,  and  raife  the  Water  to  what  Height 
you  pleafe,  without  the  cumberfomeUfe  of  a  large  Pair 
of  Bellows,  as  the  Dodor  made  ufe  of. 

il  l  (hall  here  fubjoin  the  Quantity  of  Air  which 
various  Subftances  produce  by  Diftillation,  which  I  have 
eolleded  from  the  Dodor’s  Experiments,  and  reduced 


to  Cubic  Inches. 

A  Cubiclnch  of  Hog’s  Blood  -  33 

Tallow  • — —  -  2  5 

Deer’s  Horn  -  —  23+ 

Oyfter-Shell  —  - ■  324 

Heart- Oak  -  216 

Peafe  -  39& 

Amber  - -  • —  270 

Oil  of  Annifeed  - -  22 

Oil  of  Cloves  -  ■  88 

Honey  — - —  - -  l44 

Yellow  Bees  Wax  -  54 

Coarfeft  Sugar  -  126 

Newcajlle  Coal  -  3^° 

Frefh  Earth  -  — 1  43 

Antimony  - -  28 

Pyrites  - 83 

Sea-Salt  mixed  with  Bone-Calx  64 

Nitre,  with  ditto  - 180 

SalTurtar  ditto  - -  224 

Rbenijh  Tartar  -  5°4 

Calculus  bumanus  —  -  645 

Stone  in  the  Gall-Bladder  648 


12.  Thefe  are  the  principal  Experiments  by  Diftil¬ 
lation.  Others  were  made  by  Fermentation  in  various 
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will  follow,  that  as  the  Matter  which  com- 
pofes  the  Body  of  Air,  or  Atmofphere,  is 


Mixtures,  fome  of  which  generated  Air,  others  ab¬ 
forb’d  it,  and  fome  did  neither  generate  nor  abforb  Air. 
The  principal  Subjects,  which  of  themfelves  abforb  Air, 
are  the  Fumes  of  burning  Brimftone  or  Matches,  the 
Flame  and  Fumes  of  a  burning  Candle,  the  Breath  of 
living  and  expiring  Animals,  as  Rats,  Mice,  dsV, 

13.  Thus  the  Doctor  found  that  Linen  Matches 
dipped  in  melted  Brimftone,  and  fired  under  a  Glafs  in 
a  Quantity  of  594.  Cubic  Inches,  abforb’d  150,  which 
was  full  one  Fourth  of  the  Whole.  A  Candle  burning 
till  it  went  out,  its  fumes  afterwards  confirmed  TV  Fart 
of  the  whole  Quantity  of  Air,  which  was  594  Cubic 
Inches.  A  half-grown  Rat  expired  in  the  confined  Air 
in  ten  Hours,  and  abforb’d  45  Cubic  Inches  of  Air, 
which  was  Part  of  the  whole  594. 

14.  From  what  has  been  faid  we  fee  with  how  much 
Reafon  Sir  Ifaac  Newton  philofophized  on  this  Subject  in 
the  following  Words.  “  True  permanent  Air  arifes 
“  by  Fermentation  or  Heat  from  thofe  Bodies  the  Chy- 
*'  mills  call  fixed,  whofe  Particles  adhere  by  a  ftrong 
<c  Attraction,  and  are  not  therefore  feparated  and  rari- 
“  bed  without  Fermentation ;  thofe  Particles  receding 
“  from  one  another  with  the  greateft  repulfive  Force, 
“  and  being  moft  difficultly  brought  together,  which 
“  upon  Contadl  were  moft  ftrongly  united.”  And 
again :  “  Denfe  Bodies,  by  Fermentation,  rarify  into 
“  feveral  Sorts  of  Air  j  and  this  Air  by  Ferrnenta- 
“  tion,  and  fometimes  without  it,  returns  into  denfe 
“  Bodies.”  See  his  Optics,  Query  30,  31. 

15.  Now  fince  Air  is  a  heavy  Body,  a  Cubic  Inch 
whereof  weighs  very  near  |  of  a  Grain,  it  follows,  that 
Air  in  its  fixed  State  in  Bodies  makes  a  Part  of  their 
Subftance,  and  in  fome  of  them  a  very  great  Part  too,  as 
is  known  from  the  Quantity  and  Weight  of  the  Air 

,  difcharged  upon  the  Analyfis  ©f  the  Bodies.  This  has 
efcaped  theObfervation  of  Chymifts,  who  have  hitherto 
taught  that  all  Bodies  were  ultimately  refolveable  into 

I  4  always 
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y  \  -  %  \  i.  ’>  l  f 

always  variable ,  fo  will  its  Weight  or  Gra¬ 
vity  be  likewife  j  as  we  constantly  expert 


\vhat  thev  call  Four  Elements  only,  viz.  Water,  Oil , 
Salt ,  and' Earth.  But  by  the  following  Table  it  will 
appear,  that  Air  is  an  Element  of  Natural  Bodies  in  as 
proper  a  Senfe  as  any  of  the  other. 

1 6.  In  the  firft  Column  of  this  Table  you  have  the 
Bulk  of  the  Body  in  Cubic  Inches  and  Parts;  in  the 
fecond,  the  Number  of  Cubic  Inches  of  generated  Air; 
in  the  third  is  the  Weight  of  the  Body  in  Grains;  in 
the  fourth  is  the  Weight  of  the  generated  Air ;  and  the 
fifth  fhews  what  Part  of  the  Whole  the  Air  makes. 


C.  Inch.  C.  Inch.  Grs.  Gn.  Prof. 


Deer’s  Horn, 

I 

X 

— 

117  —  241  — 

33  7 

Oy  Her-  Shell, 

I 

X 

— 

162  —  266  — 

46  —  5 

Heart  of  Oak, 

X 

— 

108  —  135  — 

3°  —  i 

Indian  Wheat, 

— 

270  —  388  — • 

77  —  1 

Peafe, 

1 

— 

396  —  3 1 s  — 

"3  —  t 

Muiiard-Seed, 

— 

270  —  437  — 

77  3 

Amber, 

JL 

X 

— 

1 

t-r\ 

CO 

1 

irv 

to 

>-« 

38  - 

f  Q 

y? 

Dry  Tobacco, 

— 

153  —  H2  — 

44—1 

Honey  with  Calx  \ 
of  Bones,  j 

[  I 

— 

H4  —  359  — 

41  - 

T 

9 

Yellow  Wax, 

I 

— 

1 

ro 

N 

1 

-2}“ 

15  —  TS 

Coarfe  Sugar, 

I 

— 

126  —  373  — 

36  “ 

X 

1  O 

Ne-rvcajlle  Coal, 

I_ 

2. 

— 

180  —  158  — 

51  —  i 

Nitre  with  Calx  7 
of  Bones,  5 

I 

X 

— 

90  —  2 1 1  — 

26  —  i 

Rhenijh  Tartar, 

I 

— 

504  —  443  — 

H4  —  i 

Calculus  humanus. 

V 

4 

— 

516  —  230  — 

147  - 

_  1 

X 

17.  Thus  we  fee  that  different  Bodies  contain  diffe¬ 
rent  Quantities  of  fixed  Air,  from  a  Sixteenth  to  a  Half 
of  the  whole  Subftance.  From  hence  we  may  be  fully 
fatisfied  of  the  Truth  of  Sir  Ifaac  Newton  s  Reafoning 
in  the  31  ft  §>uery  of  his  Optics ,  in  thefe  W ords  ;  “  The 
“  Particles,  when  they  are  {haken  off  from  Bodies  by 
,£  Heat  or  Fermentation,  fo  foon  as  they  are  beyond 
?*  the  Reach  of  the  Attradion  of  the  Body,  recede  from 


ence 
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ence  by  the  Barometer,  of  various  Kinds 
and  Structure.  (LXXXVII). 

,  «  it,  and  alfo  from  one  another,  with  great  Strength, 

and  keep  at  a  Diftance,  fo  as  fometimes  to  take  up 
“  above  a  Million  of  Times  more  Space  than  they  did 
“  before  in  the  Form  of  a  denfe  Body:  Which  vaft 
“  Contraction  and  Expanfion  feems  unintelligible  by 
“  feigning  the  Particles  of  Air  to  be  fpringy  and  ra- 
“  mous,  or  roll’d  up  like  Hoops,  or  by  any  other 
“  Means  than  by  a  repulfive  Power.” 

18.  That  the  Particles  of  Air  cannot  be  thus  coil’d 
up  and  detain  d  in  their  elaftic  State  in  the  Subftance  of 
Bodies,  is  eafy  to  be  Ihewn  from  Calculation.  Thus, 
for  Inftance,  one  Cubic  Inch  of  Oak  yields  216  Cubic 
Inches  of  Air :  Now  fuppofe  the  PrelTure  of  the  At- 
mofphere  be  on  every  Square  Inch  about  15  lb.  (as 
we  fhall  fhew)  then  in  order  to  comprefs  216  Cubic 
Inches  into  one  Cubic  Inch,  the  Weight  of  216  Times 
}  5  lh-  or  324P'^-  which  would  be  the  Force  to  confine 
it  on  each  Side  the  Cube,  which,  as  it  has  fix  Sides, 
will  require  6  X  3^4°  —  I944°^>  or  near  twenty  thou-* 
fand  Weight,  to  confine  this  Air  in  its  elaliic  State  in 
?ne  Cubic  Jncb?  fuppofing  it  to  be  all  Air;  but,  as  it 
js  not,  the  Force  will  be  greater  Hill.  This  Force 
therefore  of  194.40/^.  mud  be  exerted  in  every  Cubic 
Inch  of  the  Oaken  Tree,  which  would  rend  it  in  pieces 
with  av  aft  Explofion.  It  is  therefore  not  to  be  doubted 
but  Air  in  Bodies  does  exift:  in  a  fixed  and  unelaftic 
State  ;  and  that  it  is  roufed,  and  put  into  an  adlive  re¬ 
pellent  State,  by  means  of  Fire  and  Fermentation. 

19.  They  who  would  fee  the  numberlefs  Ufes  that 
may  be  made  of  this  important  Dodtrine  of  artificial 
Air,  and  the  Surprizing  Scenes  of  Knowledge  which  it 
Jays  open  in  the  molt  abfirufe  and  difficult  Parts  of 
Pbyfics,  may  confult  all  the  latter  Part  of  the  invaluable 
Book  above  mentioned,  viz.  Dr.  Hale  s  Vegetable  and 
Lhymci-Stattcal  Experiments,  fome  of  which  we  fhall 
take  notice  of  alfo  in  the  Sequel  of  thefe  Notes. 

(LXXXVII.)  1.  The  Weight  of  the  Air  is  manifeft 
from  Keafon  and  various  Experiments.  The  Particles 

Since 
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Since  the  Particles  of  Air  are  fuch  as 
being  feparated  from  Bodies  beyond  the 

are  affeCted  by  the  Power  of  the  Earth'd  Attraction,  and 
mull  therefore  all  gravitate  or  tend  towards  its  Centre, 
which  is  what  conftitutes  Weight  in  them,  and  all 
other  Bodies.  The  Experiments  to  fhew  the  Weight 
of  the  Air  are  numerous  which  we  fhew  on  the  Air- 
Pump,  among  which  one  is  abfolute  and  very  exaCt,  by 
weighing  it  in  a  Balance,  in  the  fame  manner  as  all 
other  heavy  Bodies  are  weigh’d. 

2.  The  Method  I  take  for  this  is,  I  believe,  the  moil 
exatt  and  nice  that  can  pofiibly  be  thought  of.  For 
fince  (as  we  have  fhewn)  the  FriCtion  of  the  Balance  is 
in  Proportion  to  the  Weight  with  which  it  is  charged, 
the  lefs  the  Weight  is  the  lefs  will  be  the  FriCtion,  and 
confequently  the  more  nice  and  exquifite  will  be  the 
Experiment.  In  order  to  this  I  take  a  very  thin  large 
Florence  Flafk,  whofe  Capacity  is  exaCtly  known  in 
Cubic  Inches :  This  I  exhauft  of  all  the  Air  as  near  as 
can  be,  and  then  hang  it  to  the  end  of  a  very  fine  and 
exaCt  Hydroftatic  Balance,  which  I  counter-balance  by 
Grain-Weights  in  a  Scale  hanging  from  the  other  End. 
When  the  Equilibrium  is  nicely  obtain’d,  I  lift  up  the 
Valve,  and  let  the  Air  rufh  into  the  Flafk,  which  is 
fenfibly  heard,  and  feen  to  gravitate  in  the  Glafs,  by 
caufing  it  gradually  to  defcend  till  it  be  fill’d  with  Air, 
and  will  then  preponderate  greatly.  Then  to  reftore 
the  Equilibrium,  I  find  by  Experience  ’tis  neceffary  to 
add  about  8  Grains  for  every  Pint  the  Flafk  contains  j 
which  fhews  that  a  Gallon  of  Air  weighs  about  a  Dram, 
and  a  Bufhel  an  Ounce  Troy ;  and  becaufe  one  Pint  = 
28  Cubic  Inches  jiearly,  therefore  one  Cubic  Inch  of 
Air  weighs  A  —  7  of  a  Grain,  at  a  Mean. 

3.  As  the  Air  is  a  heterogeneous  Fluid,  it  will  vary 
in  its  Weight  according  to  its  different  component 
Parts,  and  alfo  according  to  its  differem  Altitudes,  which 
it  muff  have  as  an  elaffic  and  fluctuating  Fluid.  Since 
few  Bodies  are  lighter  than  Water,  and  that  Water 
is  mod  eafily  ratified  into  Vapour,  it  follows,  that  the 
Atmofphere  fill'd  with  aqueous  Particles  will  be  lighteft. 

Sphere 
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Sphere  of  corpufcular  Attra&ion,  are 
Jftrongly  repell’d  from  thofe  Bodies ;  this  Re¬ 


as  we  generally  find  it  is  in  moift  rainy  Weather  ;  and 
alfo  that  it  mull  oftener  be  in  this  light  than  in  a  hea¬ 
vier  State  :  And  that  Inftrument  which  ftiews  the  Vari¬ 
ation  of  the  Air’s  Gravity,  or  its  different  Weight  at 
different  Times,  is  call’d  a  Barometer,  of  which 
there  are  various  Kinds,  which  are  here  defcribed  ;  but 
I  fhall  firft  give  an  Account  of  the  mod  fimple  Struc¬ 
ture  or  Form  of  thofe  Inftruments,  which  is  as  follows. 

A  Glafs  Tube,  hermetically  feal’d  at  one  End,  is  to 
be  fill’d  with  Quickfilver,  well  defecated  and  purged  of 
its  Air :  The  Finger  being  then  placed  on  the  open  End 
in  immediate  Contact  with  the  Mercury,  fo  as  not  the 
leaft  Particle  of  Air  is  admitted,  the  Tube  is  inverted, 
and  carefully  immerfed  with  the  Finger  on  the  open 
End  in  a  Bafon  of  the  fame  prepared  Mercury ;  then 
upon  removing  the  Finger,  the  Mercury  in  the  Bafon 
will  join  that  in  the  Tube;  and  the  faid  Column  of 
Mercury  in  the  Tube  will  be  feen  impiediately  to  fub- 
fide,  or  fink  down  to  a  certain  Pitch  or  Altitude,  if  the 
Tube  be  above  31  Inches  long,  as  it  ought  to  be. 

4.  Let  A  B  be  fuch  a  Tube  of  34  Inches  Length,  p. 
and  5  of  an  Inch  in  Diameter,  (as  it  ought  to  be  for  ^Yurr 
this  Purpofe)  hermetically  feal’d  at  A,  and  open  at  B  ; 
let  CD  be  the  Bafon  of  Mercury,  in  which  the  Tube  * 'S*  4* 
is  immerfed  inverted,  the  Surface  of  the  Mercury  in 
the  Bafon  EF,  and  in  the  Tube  GH.  Now,  ’tis  eafy 
to  underfland,  that  if  all  this  could  be  perform’d  in 
Vacuo ,  as  foon  as  the  Tube  was  inverted,  all  the  Mer¬ 
cury  would  defcend  into  the  Bafon,  becaufe  as  a  heavy 
Body  it  muft  tend  towards  the  Centre  of  the  Earth, 
till  it  meets  with  fome  Obftacle,  as  the  Bafon,  to  ob- 
ftrudl  its  Motion,  and  fupport  it.  I  lay,  all  this  would 
happen  in  Vacuo ,  unlefs  we  can  fuppofe  any  Power  in 
the  Tube  fufficient  to  fuftain  the  Column  of  Adercury ; 
now  there  can  be  no  fuch  Power  but  that  of  Cohefion , 
which  indeed,  in  Tubes  of  a  fmall  Bore,  has  been 
found  able  to  fuftain  it  3  but  in  fo  large  a  Bore,  as  we 

pellency 


124 


Pneumatics, 


pellency  being  mutual  between  the  Par¬ 
ticles,  they  do  by  this  means  conftantly 


fuppofe  this  Tube  to  have,  that  Power  is  by  far  too 
fmall  to  fupport  fo  heavy  a  Column,  which  mult;  there¬ 
fore  of  Courfe  fink  into  the  Baton ;  and  fo  Hand  upon 
the  fame  Level  in  the  Baton,  and  in  the  I  ube. 

c.  But  fince  the  Mercury  does  not  totally  fubhde 
when  this  Experiment  is  made  in  the  Air,  the  Column 
which  remains  in  the  Tube  muft  owe  its  Sufpenfion  to 
the  Air  as  its  Caufe,  fince  nothing  within  nor  without 
the  Tube  can  be  fuppofed  (with  any  Shew  of  Beaton) 
to  produce  fuch  an  Effedt,  betides  itfelf.  Now  allow¬ 
ing  the  Air  to  be  a  gravitating  Fluid,  it  muft  necellarily 
caufe  fuch  an  Effect,  as  the  Sufpenfion  of  Mercury  m 
the  Tube;  for  by  its  Gravity  a  Force  of  Prefiure  mult 
be  produced  on  all  the  Surface  of  Mercury  in  the  Bafon, 
which  is  contiguous  to  it,  and  on  every  Part ^equally. 
Now  fince  the  Mercury  in  the  Bafon  is  in  Equilibria 
with  that  in  the  Tube,  it  is  plain  the  Weight  of  the 
Mercury  in  the  Tube,  and  the  Weight  of  the  Air  upon 
every  circular  Area  of  the  Surface  of  the  Mercury  m 
the  Bafon,  equal  to  the  Orifice  of  the  Tube,  mult  be 
equal,  for  elfe  they  could  not  balance  each  other,  as 
we  find  they  do  ;  the  Column  of  Mercury  therefore  is 
luftain’d  by  the  Counter-Preffure  of  a  Column  of  Air 
of  the  fame  Bafe,  and  whofe  Altitude  is  equal  to  that 
of  the  Atmcfphere. 

6.  That  the  Weight  of  the  Columns  of  Air  and 
.  Mercury,  we  have  now  been  fpeaking  of,  are  precilely 
equal  to  each  other,  will  be  farther  evident,  if  we  con- 
fider,  that  upon  Suppofition  the  Quickfilver  were  tho¬ 
roughly  purg'd  from  Air,  when  it  lubfides  in  the  I  ube, 
it  muft  leave  a  Vacuum  in  all  that  Part  of  the  T  ube  above 
it,  and  fo  there  is  nothing  to  act  upon  its  upper  Surface 
todeprefs  it;  it  will  therefore  always  fink  or  rife  to  fuch 
an  Altitude,  as  the  various  Gravity  of  the  Air  requires, 
and  of  which  it  is  therefore  an  adequate  Expreffion  or 
Meafure,  as  its-  Nature  imports.  This  Invention  was 
owing  to  that  happy  Italian  Genius  Torricelli,  aDifciple 

repel 
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repel  each  other,  and  therefore  they  mud: 
obferve  an  equal  Diftance  among  them- 

of  the  famous  Galileo.  And  hence  it  is  very  often  call’d 
the  Torricellian  Tube ,  and  the  Torricellian  Experiment , 

See. 

7.  Since,  as  we  have  {hewn,  this  fufpended  Column 
of  Mercury  exadtly  indicates  the  Gravity  of  the  Air  at 
all  Times,  it  has  employ’d  the  Attention  of  all  Man* 
kind,  who  very  fenfibly  find  themfelves  affe&ed  with 
the  different  State  of  the  Air ;  but  more  efpecially  has 
it  merited  the  Confideration  of  Philofophers,  who  have 
taken  all  Opportunities  to  explore,  by  this  Means,  the 
two  extremes  of  the  Air’s  Gravity,  viz.  when  it  is  leaft 
and  greateft  of  all,  by  obferving  the  leaft  and  greateft 
Altitude  of  this  mercurial  Column,  which  by  long  Ex¬ 
perience  we  find  to  be  very  nearly  between  2  3  and  31 
Inches,  it  being  very  rarely  lefs  or  more  than  thofe 
Heights ;  whence  29  §  Inches  is  fixed  upon  as  the'Mean- 
Altitude,  expreflive  of  the  Mean-Gravity  of  the  Air, 
which  therefore  let  be  reprefented  by  B  H,  and  let  the 
greateft  Altitude  be  BI,  and  the  leaft  B  K,  then  is  IK 
•call’d  the  Scale  of  Variation. 

1  8.  Now  as  there  is  a  Space  of  3  Inches  in  the  per¬ 

pendicular  Tube  for  the  Mercury  to  rife  and  fall  in, 
and  fince  Fluids  will  always  have  the  fame  Altitude  in 
a  Tube  of  any  Form  or  Inclination  ;  Artifts  have  con¬ 
trived  Methods  to  increafe  the  Motion  of  the  Mercury, 
by  making  it  move  over  a  larger  Space  ;  and  thus  have 
invented  feveral  different  Forms  of  Barometers,  the 
principal  whereof  I  fhall  here  deferibe.  That  which, 
next  to  the  upright  one,  is  in  moft  Efteern,  is  called 
the  Diagonal  Barometer ,  and  is  that  in  Fig.  V.  where 
A  B  C  is  a  Tube  feal’d  at  C,  immerfed  in  Mercury  at 
A  j  this  Tube  is  perpendicular  from  A  to  B,  wh  ere  the  XXVII.' 
Scale  of  Variation  begins  ;  from  thence  it  is  bent  into  ^‘S-  5 * 

B  C,  making  an  acute  Angle  F  B  C.  This  Part  B  C 
proceeds  to  thehigheft  Limit  in  the  Scale  of  Variation, 
viz.  I C ;  and  confequently  while  the  Mercury  rifes 
from  K  to  I  in  the  common  Barometer,  it  will  move  in 

fdves. 
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felves.  When,  therefore,  thofe  aerial  Par¬ 
ticles  are  obliged  by  any  imprefs’d  Force 


this  from  B  to  C  (See  Annotat.  LXIX.  4O  anc^ 

Scale  will  by  this  means  be  inlarged  in  the  Proportion 
of  B  C  to  F  B  =  I  K,  i.  e.  of  the  Diagonal  to  the  leaft 
Side  of  a  Parallelogram. 

9.  The  Fault  which  this  Form  is  fubje£l  to  is  this, 
that  as  the  Quickfilver  is  a  very  heavy  Body,  and  fup- 
ported  on  the  Part  B  C,  like  a  Body  on  an  Inclined 
Plane,  it  muft  have  a  great  Degree  of  FriClion,  which 
is  the  more  fo  as  the  Part  B  C  is  more  oblique,  and 
confequently  the  very  fmall  and  nice  Variation  of  the 
Air’s  Prefiure  cannot  be  fo  well  fhewn  in  this  Form, 
where  the  Motion  is  not  abfolutely  free ;  and  it  very 
often  happens,  from  the  Inclination  of  the  PartBC, 
that  the  Quickfilver  divides  into  feveral  Parts,  and  fo 
requires  the  Trouble  of  filling  the  Tube  anew  too  fre¬ 
quently.  This  Form  is  the  Invention  of  Sir  Samuel 
Moreland. 

10.  Another  Form  of  the  Barometer  for  enlarging 
the  Scale  of  Variation,  was  contrived  by  Mr.  Cajfmit 
and  afterwards  compleated  by  Mr.  John  Bernouilli •  It 
confifts  of  a  Tube  A  C  D  F,  feal’d  on  the  upper  End  A, 
and  bent  to  a  Right  Angle  at  D,  whence  it  has  the 
Name  of  the  horizontal  rectangular  Barometer.  The 
Mercury  Hands  on  both  Legs  from  E  to  B.  T  he  Scale 
of  Variation  from  A  to  C,  is  here  made  of  a  larger 
Part,  and  then  it  is  evident  in  moving  3  Inches  from  A 
to  C,  it  will  move  through  fo  many  Times  3  Inches  in 
the  fmall  Leg  DF,  as  the  Bore  of  D  F  is  lefs  than  the 
Bore  of  A  C,  whence  the  Motion  of  the  Mercury  at 
E  muft  be  extremely  fenfible,  but  the  Inconvenience 
here  too  is,  that  the  Mercury  is  very  apt  to  break  off 
in  the  Leg  E,  as  alfo  to  run  out  at  the  End  F  ;  befides 
that,  here  alfo  is  a  great  Degree  of  trillion,  and  not 
only  that,  but  the  Part  D  F  being  of  a  very  fmall  Bore, 
the  Attraction  of  Cohefion  will  a  little  impede  the  free 
Motion  of  the  Mercury  therein. 
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to  approach  nearer  to  each  other,  the  re- 
fulfeoe  Power  will  re- act  or  refill  the  faid 

ii.  The  next  Sort  ef  Barometer  that  I  fhall  de- 
fcribe,  is  call’d  the  Pendent  Barometer,  becaufe 
being  a  Tingle  Tube  only,  it  is  hung  up  by  a  String  at 
the  End  A.  This  Tube  is  a  little  tapering  or  conical, 
the  End  A  being  a  little  lefs  than  B  ;  it  is  feal’d  at  A, 
and  fill’d  with  Mercury  from  A  to  F  =  3 1  Inches ; 
then  when  the  Tube  is  inverted,  the  Mercury,  if  the 
Gravity  of  the  Air  be  not  greateft,  will  fink  down  in 
the  Tube  and  abide  in  that  Part  C  D,  which  will  ad¬ 
mit  its  Length  or  Altitude  CD  to  be  the  fame  with 
that  in  the  Common  Barometer.  Thus  by  reafon  of 
the  conical  Bore  of  the  Tube,  as  the  Air  grows  lighter 
the  Mercury  will  defcend,  till  when  it  is  lighteft  of  all, 
the  Mercury  will  ftand  from  the  lower  Part  of  the 
Tube  B  to  E,  fothat  B  E  =  28  Inches.  Confequently 
the  Mercury  will,  in  fuch  a  Tube,  move  from  A  to  E, 
32  Inches,  if  the  Tube  be  5  Feet  or  60  Inches  long, 
and  fo  the  Scale  AE  is  here  above  10  Times  greater 
than  in  the  Common  Barometer.  The  Fault  of  this 
Barometer  is,  that  the  Tube  being  of  a  very  frnall 
Bore,  the  Attradlion  of  Cohefion  will  be  very  confider- 
able,  and  prove  an  Impediment  to  that  Freedom  of 
Motion  as  is  necefiary  to  fhew  a  very  frnall  Variation 
of  the  Air’s  Weight  ;  for  which  Reafon,  when  you 
fhake  the  I  ube  a  little,  the  Mercury  will  not  fet^e 
.  again  where  it  was,  or  have  the  fame  Altitude  as  be¬ 
fore;  befides,  that  by  its  Weight  it  is  very  apt  to  break 
oft  in  the  lower  Part,  and  fall  out  of  the  Tube,  We 
owe  this  Invention  to  Mr.  Anmtons ,  who  firft  publilhed 
j  it  in  A.  D.  1695. 

12.  The  next  Barometer  which  I  (hall  mention  is 
call’d  the  Wheel  Barometer,  from  its  Strudlure, 
which  is  eafily  underftood  from  the  Figure.  Where 
A  B  D  G  reprefents  the  Quickfilver  in  a  Glafs  Tube, 

:  having  a  large  round  Head  or  Ball  at  Top,  and  turn’d 
,  up  at  Bottom  to  F;  upon  the  Surface  of  the  Mercury 
19  the  recurv’d  Leg  there  is  placed  an  Iron  Ball  G  with 

4  Force 
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Force  with  an  equal  Momentum  j  and  thus 
caufe  what  we  call  the  Renitency,  Elas-* 

a  String  going  over  a  Pulley  C  D,  and  is  ballanced  by 
another  Weight  H  hanging  freely  in  the  Air.  As  the 
Surface  of  the  Mercury  at  A  B  is  very  large,  and  that 
at  G  very  fmall,  the  Motion  of  the  Quickfilver,  and 
confequently  of  the  Ball  G,  will  at  Bottom  be  very 
confiderable ;  but  as  the  Weight  G  moves  up  and 
down,  it  turns  the  Pulley  C  D,  and  that  a  Hand 
or  Index  KL,  by  the  Divifions  of  a  large  graduated 
Circle  MNOP;  by  which  means  the  minuteft  Vari¬ 
ations  of  the  Air  are  plainly  fhewn,  if  the  Inftrument 
be  fo  very  accurately  made  that  the  Fri£lion  of  the  fe- 
veral  Parts  be  inconfiderable.  This  is  one  of  the  many 
curious  Inventions  of  Dr.  Hooke . 

13.  Thefe  are  the  principal  Contrivances  hitherto 
invented  for  enlarging  the  Scale  of  Variation  in  fimple 
Mercurial  Barometers.  There  are  othei  Inventions  ox 
compound  Barometers,  viz.  fuch  as  are  made  of  Mer¬ 
cury  and  Water,  or  other  Liquors  for  that  Purpofe; 
but  they  are  fo  difficult  to  make,  fo  faulty  w  hen  made* 
and  fo  troublefome  to  ufe*  that  it  is  not  worth  while  to 
defcribe  them.  However,  as  the  Reader  may  have  an 
Idea  of  one  of  the  beft  Sort,  I  (hall  here  give  him  that 
which  owes  its  Invention  to  the  Reverend  Mr.  Rowning, 
together  with  his  Demonftration  of  its  Theory. 

^14.  ABC  is  a  compound  Tube  feal’d  at  A,  and 
?,ateTT  open  at  C,  empty  from  A  to  D,  fill’d  with  Mercury 
XXVII.  from  whence  to  B,  and  from  thence  to  E  with  Water; 

9*  iet  G*  B,  H,  be  in  an  horizontal  Line,  then  it  is  plain 
from  the  Nature  of  the  Syphon,  that  all  the  compound 
Fluid  contain’d  in  the  Part  between  H  and  G,  muft 
ever  be  in  Equilibria  with  itfelf  be  the  Weight  of  the 
Air  what  it  will,  becaufe  the  PrdTure  at  H  and  G,  muft 
always  be  equal.  Whence  ’tis  evident,  that  the  Co¬ 
lumn  of  Mercury  D  H  is  in  Equilibria  with  the  Column 
of  Water  GE,  and  a  Column  of  Air  of  the  fame 
Bafe  conjointly,  and  will  therefore  vary  with  the  Sum 
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ficiTY,  or  Spring  of  the  Air;  which  is 
jfo  fenfible  by  the  common  Experiment  of 


pf  the  Variations  of  each  of  thefe  ;  all  which  muft  now 
ie  computed. 

15.  The  Variation  of  the  Weight  of  the  Air*  which 
ve  will  call  V,  is  meafured  by  the  Space  which  the 
Vlercury  moves  in  the  common  Barometer  in  a  given 
[rime.  Let  x  be  the  Space  which  the  Water  at  E 
noves  through  in  the  fame  Time,  and  let  the  Diameter 
jf  the  Tube  A  F  be  to  that  of  the  Tube  F  C  as  D  to  1, 

X 

:hen  will  the  Space  moved  through  at  B  be  as  jjjji 
tnd  therefore  G  E  the  Difference  of  the  Legs  E  K  and 

X 

fC  B,  will  vary  in  its  Weight  by  y  -f-  jjr*  Alfo  fince 
he  Space  moved  through  by  the  Mercury  at  B  and  D  is 
is  — ,  the  Difference  D  H  will  vary  its  Weight  by 

jj  ^ 

— .  But  this  Variation  of  Weight  is  equal  to  both  the 

ormer,  and  fince  a-  -f  jj;  is  an  Altitude  of  Water,  if 
ye  put  m  to  x  as  the  Specific  Gravity  of  Mercury  te 


*  + 


x 

FT 


Water,  we  fhall  have  m  :  1  ::  x  +  gr  • 

Altitude  of  Mercury  of  the  fame  Weight,  confequently, 


2  *  ,r  . 

:i>  =  v  + 


gives  x  — 


m 

V  D'-m 


;  which  Equation,  when  reduced, 


-,  which  gives  this  Analogy; 


im — D'  —  1 

|as  x  :  V  ::  m  D"  :  2  m  — ■  D’-  —  1,  fo  is  the  Scale  of 
Variation  in  this,  to  that  in  the  common  Barometer. 

.  16.  Hence  if  m  —  14,  and  D  —  r  ;  we  have  *  :  V 

•:  14  .  26  ::  7  :  13  ;  which  (hews  that  when  the  Tubes 
A  F  and  F  C  are  of  an  equal  Bore,  the  Variation  in 


Vwi.  II: 


K 


this 


'  Pneumatics. 

this  is  lefs  than  that  of  the  common  Barometer  in  the 
Ratio  of  7  to  13.  If  2  —  D2  —  1  —  o,  or  %in  1 

=  D\  then  2  m  —  1  =  5,2;  whence  it  ap¬ 

pears  that  when  the  Diameter  of  A  F  is  to  that  of  F  C  p 
as  5,2  to  1,  the  Variation  *  will  be  infinite  in  refpeft 
of  that  in  the  common  Barometer.  If  D  zr  5,  then  , 
x  :V  175:  1  j  which  fhews  how  very  large  the  Scale 
of  Variation  in  this  Barometer  may  be  made  in  Com¬ 
panion  of  the  common  one.  But  I  believe  fuch  a 
Strufiure  as  this  will  afford  more  Pleafure  in  Specula-  . 
tion  than  in  Practice ;  and  when  all  is  done,  the  Baro¬ 
meter  of  the  common  Form ,  as  it  is  moll  fimple,  fo  it  . 
will  be  found  the  mod  eafy  and  accurate  of  all  others. 

17.  Before  I  conclude  this  Article,  I  ftialljuft  men¬ 
tion  the  Barometer  invented  by  the  Rev.  Mr.  Cafwelloi 
Oxford.  Suppofe  A  B  C  D  be  a  Bucket  of  Water,  in 
which  is  placed  the  Barofcope  xr  e  % y  0  s  m,  which  con- 
iTT  fifts  of  a  hollow  Body  xrsm,  and  Tub eezyo,  made 
of  Brafs,  Tin,  Glafs,  (sV.  The  Bottom  of  the  Tube 
•  z)  has  a  Lead-Weight  to  fink  it,  fo  that  the  Top  of ^ 
the  Body  may  juft  fwim  even  with  the  Surface  of  Wa-, 
ter,  by  the  Addition  of  fome  Grain-Weights.  As  the; 
Inftrument  is  put  into  the  Water,  with  the  Mouth  down¬ 
wards,  the  Water  afcends  into  the  Tube  to  the  Height 
of  y  it,  there  is  added  on  the  Top  a  fmall  concave  Cy¬ 
linder,  or  Pipe,  to  fuftain  the  Inftrument  from  finking 
to  the  Bottom  when  the  Air  becomes  heavier  ;  m  d  is 
a  Wire,  and  ms,  de>  are  two  Threads,  oblique  to  the 
Surface  of  the  Water;  of  thefe  Threads  there  may  be, 
feveral ;  and  as  the  Water  juft  touches  the  Top  or 
Crown  of  the  Inftrument,  when  the  Altitude  of  the 
Mercury  is  leaft  in  the  Common  Barometer,  fo  as  the 
Air  increafes  in  Weight,  the  Inftrument  finks  in  the 
Water,  and  a  fmall  Bubble  is  formed  on  the  Thread, 
which  continually  afcends  and  defcends  through  all  the 
Length  of  the  Thread.  From  a  Calculation  on  the 
Theory,  it  appears,  that  this  Barometer  is  above  1 200 
Times  more  exaift  than  the  Common  Barometer.  See 
the  whole  Calculation  in  the  Profeflor’s  own  Words: 
in  the  Phil.  'Tranfaftions . 

18.  Though  I  have  made  and  tried  the  Barometer 

above  defcribed,  and  find  it  to  anfwer  the  Theory  very 

well, 
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well,  yet  is  it  not  fit  for  common  Ufe,  becaufe  it  can 
only  {hew  the  extreme  minute  Variations  of  the  Air’s 
Gravity  for  the  prefect  Time,  by  reafon  it  is  affected  by 
the  Heat  as  well  as  Weight  of  the  Air.  While  the 
[Degree  of  Heat  remains  the  fame,  nothing  can  exceed 
this  Inftrument  as  a  Barometer  ;  but  as  the  Heat  of  the 
Air  varies,  fo  will  the  Elafticity  of  the  included  Air, 
which  therefore  will  caufe  the  Inftrument  to  vary  its 
Gravity,  while  that  of  the  Air  remains  the  fame,  and 
fo  cannot  be  of  conftant  Ufe. 

19.  I  have  already  hinted  that  the  Common  Baro¬ 
meter,  after  all,  is  the  beft  Inftrument  to  meaiure  the 
Air’s  Gravity  ;  which  that  it  may  do  to  the  greateft 
Perfe&ion,  the  following  Things  are  neceflary.  (i.) 

That  the  Tube  be  at  leaft  of  d  of  an  Inch  Bore  ;  j  of 
in  Inch  is  a  good  Size.  (2.)  The  Tube  ought  to  be 
liew,  clean,  and  dry  within  when  fill’d  ;  in  order  to 
his,  the  Tube  fhould  be  hermetically  fealed  at  both 
Ends  at  the  Glafs-Houfe  when  made ;  one  End  of 
which  may  be  cut  off  with  a  File  when  you  intend  to 
ife  it.  (3.)  The  Diameter  of  the  Ciftern  that  holds 
he  Mercury,  in  which  the  Tube  is  immerfed,  fhould 
ie  as  large  as  conveniently  may  be,  that  the  Mercury 
[herein  may  have  nearly  at  all  times  the  fame  Altitude; 
kherwife  the  Index  will  not  be  true.  (4.)  The  Mer- 
ury  muft  be  very  pure,  and  free  from  any  Mixture  of 
fin,  Lead,  or  other  Metal.  (5.)  It  ought  to  be  purged 
rom  Air  entirely,  as  it  may  be  by  boiling  it,  and  fili¬ 
ng  the  Tube  with  it  while  boiling  hot  nearly.  (6.) 

The  Tube  muft  be  heated  hot  when  fill’d,  to  avoid 
leaking  by  the  boiling  Mercury.  (7.)  It  fhould  be 
lubb’d  very  hard,  to  excite  the  Electric  Virtue,  which 
jvill  expel  the  Particles  of  Air  from  the  Surface  within. 

8.)  There  ought  to  be  a  Nonius  (as  it  is  call’d)  ap¬ 
plied  to  the  Index  of  the  graduated  Plate,  to  meafure 
nore  accurately  the  Rife  and  Fall  of  the  Mercury. 

20.  This  Artifice  is  of  fingular  Ufe  in  this  and  many 
^ther  Cafes.  It  bears  the  Inventor  Non  ■  us*  s  Name,  and 
ts  Nature  and  Manner  of  applying  it  is  as  follows. 

\  B  is  the  upper  Part  of  the  Barometer,  in  which  the  p]ate 
uirface  of  the  Mercury  is  at  'C.  F  G  is  the  ufual  vxvlf 
Plate  of  3  Inches  Extent,  from  28  to  3  1  ;  and  D  E  is  p-  iQ 
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the  (mail  Plate  call’d  the  Nonius ,  fo  contrived  as  to 
Aide  by  the  other  in  fuch  manner  that  its  Index  D  may 
be  always  fet  on  one  Part  to  the  Surface  of  the  Mer¬ 
cury,  and  on  the  other  End  pointing  to  the  Divifioni 
in  the  Scale  of  Inches  correfponding  thereto.  Again, 
the  Nonius  is  divided  into  io  equal  Parts,  which  to¬ 
gether  are  equal  to  1 1  of  the  Divifions  of  the  Scale;- 
that  is,  DE  =  n  Tenths  of  an  Inch;  and  confe-’ 
quently  each  fmall  Divifion  of  the  Nonius  is  equal  to 
i, i ;  two  of  them  to  2,2;  three  of  them  to  3,3 ;  and 
fo  on.  Whence  ’tis  eafy  to  obferve,  that  if  the  Index 
D  points  between  any  two  Divifions  of  the  Scale,  asy 
here  between  29,7  and  29,8,  we  need  only  look  back 
to  fee  what  Divifion  of  the  Nonius  coincides  with  a 
Divifion  of  the  Scale,  and  that  will  Ihew  how  many 
Tenths  of  a  Tenth,  that  is,  how  many  Tenths  beyond 
29,7  in  the  prefent  Cafe :  But  you  obferve  the  Nonius 
coincides  with  a  Divifion  of  the  Scale  at  the  fifth  Di¬ 
vifion  ;  confequently,  the  Mercury  Hands  at  29,75 
Inches  in  the  Scale ;  and  fo  you  proceed  with  the, 
greateft  Eafe  to  the  hundredth  Part  ot  an  Inch,  which 
is  a  great  Degree  of  Exaftnefs. 

21.  From  what  has  been  faid  we  may  eafily  fee  the- 
excellent  Ufe  of  the  Barometer  in  meafuring  the  Heights' 
of  Places,  as  Mountains,  Towers,  &c.  Forfince  (as 
we  fhall  fhew)  the  fpecific  Gravity  of  Air  (fuch  as  is 
near  the  Earth’s  Surface)  is  to  that  of  Mercury  as  I  to 
12040,  ’tis  plain  12040  Inches  of  Air  in  Height  will 
balance  one  Inch  Height  of  Mercury;  confequently, 
1204  Inches,  or  100  Feet,  anfwers  to  Ts  of  an  Inchol 
Mercury.  Therefore  if  a  good  Barometer  be  carried 
to  the  Top  of  a  Mountain,  or  other  high  Place,  the 
Mercury  will  fubfide  near  one  Tenth  of  an  Inch  foi 
every  100  Feet  of  perpendicular  Afcent,  and  fo  will  be 
a  proper  Index  of  the  whole  Height  afcended. 

22.  But  fince  Mercury  is  not  quite  14  times  heaviei 
than  Water,  the  Number  12040  is  fomewhat  too  large 
and  therefore  a  lefs  Height  than  100  beet  will  anfwertc 
xo  of  an  Inch  Defcent  of  Mercury  in  the  Barometer 
and  what  that  is  will  be  fhewn  from  the  Experiment: 
made  by  Dr.  Nettletcn  very  exadly,  as  in  the  Table 
below. 

Altitude 


Height .  Bottom.  Top.  Difference,  for- 
rower  of  Halifax  102  —  29,78  —  29,66  —  0,12  —  85 

3oal  Mine  140  —  29,48  —  29,32  —  0,16  —  87 

Another,  ditto  236  —  29,50  —  29,23  —  0,27  —  87 

\  fmall  Hill  312  —  29,81  —  29,45  —  °  36  —  86 

Halifax  Hill  507  —  30,00  —  29,45  —  0.55  —  91 

23.  Having  the  Height,  to  which  the  Mercury  will 
land  at  any  one  Elevation,  it  is  eafy  to  find  at  what 
ieight  it  will  Hand  at  any  other  propofed.  For  fince 
he  Denfity  of  the  Air  decreafes  in  a  Geometrical  Ra- 
io,  as  the  Altitudes  increafe  in  an  Arithmetical  one,  the 
latter  will  be  as  the  Logarithms  of  the  former  recipro¬ 
city  :  But  the  Weight  of  the  Air  is  as  the  Denfity, 
nd  the  Height  of  the  Mercury  in  the  Barometer  is  as 
he  Weight,  therefore  the  Elevations  are  as  the  Loga- 
ithms  of  the  Height  of  the  Mercury  reciprocally ;  and 
lonfequently,  if  we  take  30  Inches  for  the  Standard 
Utitude,  and  85  Feet  for  the  Altitude  requifite  to  make 
:  fall  -r^o  of  an  Inch ;  then  by  faying.  As  the  Logarithm 

,f  _i—  js  to  85,  fo  is  the  Logarithm  of 
29,9  J  29,5 

Elevation  which  will  make  it  fall  |  an  Inch  ;  and  fo 
or  any  other. 

24.  After  this  Manner,  the  Doctor  has  computed  the 
pllowing  Tables, 
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I  \  TABLE  fbewing  rhe  Num¬ 
ber  of  Feet  amending,  requir 
ed  to  make  the  Mercury  fall 
to  any  given  Height  in  the 
Tube,  from  30  to  26  Inches. 
As  alio  the  Number  of  Feef 
ciefcending,  requir’d  to  make 
the  Me  cury  rife,  from  30  to 
31  Inches. 

A  TABLE  (hewing  the 
Number  of  Feet  requir’d 
to  make  the  Mercury  fall 
one  Tenth  of  an  Inch 
from  any  given  Height 
in  the  Tube,  from  31  to 
26  Inches. 

h:ch. 

to 

to 
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to 
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27 

8 
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7 
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3 
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7 
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8 
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3 
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3 
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7 
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2 
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2 
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6 
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3158  2! 

••9 

1 

87  63 

26 

5 

96  25 

29 

0 

863  08 

26 

4 

3254  46 

-’•9 

0 

8  7  93 

26 

4 

96  6i 

28 

9 

93l  01 

26 

3 

33  5  i  0 

28 

9 

88  24 

26 

3 

96  98 

28 

8 

1039  25 

26 

2 

3448  os 

t8 

8 

88  5s 

26 

2 

97  3* 

28 

*7 

1127  8c 

26 

1 

3545  41 

28 

7 

>8  86 

26 

J 

97  73 

28 

6 

1216  6b 

125 

0 

3643  14 

28 

6 

89  17 

26 

O 

98  10 

28 

5 

1 3°5  8 3 

1 

28 

5 

89  49 

a  blown 


;l 


Pneumatics.  135 

a  blown  Bladder ,  and  many  others  on  the 
Air-Pump.  (LXXXVIII.) 

;  1  (LXXXVIII.)  1.  That  we  may  here  exhibit  a  plain 
and  clear  Idea  of  the  Force  with  which  the  Particles  of 
Air  repel  one  another,  ’twill  be  neceflary  to  proceed  in 
ithe  following  Manner.  If  in  any  Diftance  A  B,  there  p]ate 
are  placed  any  Number  of  Particles  at  equal  Intervals  XXVIIL 
Ifrom  one  another;  and  in  any  other  equal  Diftance  fig,  2. 
CD,  there  are  placed  twice  as  many  Particles  at  equal 
Intervals  alfo  ;  ’tis  plain  the  Intervals  between  the  Par¬ 
ticles  in  C  D  will  be  but  half  fo  great  as  thofe  between 
ithe  Particles  in  the  Line  AB.  Hence  the  Number  of 
Particles  in  any  equal  Parts  of  A  B,  CD,  will  be  in- 
verfely  as  their  Diftances  from  each  other.  Or,  if  we 
‘put  N=  Number  of  Particles,  and  I  =  to  the  Inter- 

1 

yal  between  each;  then  will  N  be  always  as  p,  for 

'  Lines ,  or  linear  Dimenfrons. 

2.  But  for  Superficies ,  fince  they  are  as  the  Square 

of  their  like  Sides,  we  Ihall  have  N 2  as  p;  and  in  like 
Manner,  fince  Solids  are  as  the  Cubes  of  their  like 
Sides,  we  {hall  have  N3  as  p  But  N2  is  as  the  Den¬ 
fity.  of  the  Superficies;  and  N3  as  the  Denfity  of  the 
Solid  ;  confequently  the  Denfity  D,  of  a  Superficies  of 
1  .1 

this  Sort,  is  as  p  and  of  a  Solid  as  p  And  to  faci¬ 
litate  the  Idea,  let  A  B  C  be  a  fuperficies  of  fuch  Par- 
tides,  equal  to  a  fquare  Inch ;  and  D  F  a  Solid  of  a  j 
cubic  Inch. 

3.  Next,  let  it  be  fuppofed  that  each  of  thefe  Par¬ 
ticles  repels  thofe,  and  thofe  only,  which  are  next  to  it  ; 
and  let  this  repulfive  Force  (F)  be  inverfely  as  the  n 
Power  of  the  Interval  I,  between  the  Centres  of  two 

1 

'  adjacent  Particles ;  that  is,  let  F  be  as  p.  Hence  tis 

m^nifeft  fuch  an  Aflemblage  of  Particles  muft  confti- 
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By  reafon  of  the  Spring  of  the  Air ,  its 
Density  muft  be  always  different  in  diffe¬ 
rent  Altitudes  from  the  Earth’s  Surface  j 
for  the  lower  Parts  of  the  Air,  being  pref- 
fed  by  the  Weight  of  the  fuperior  Parts, 
will  be  made  to  accede  nearer  to  each  J 


tute  an  elojlic  Fluid ,  or  fuch  an  one  as,  when  compref- 
fed,  or  a£ted  upon  by  any  external  Agent,  will,  by 
Virtue  of  its  innate  repellent  Power,  re-g£t  or  make 
Refiftance  with  an  equal  Degree  of  Force. 

4.  Now  the  Force  of  the  fuperficial  Parts  is  as  the 
Denfity  D,  and  the  repellent  Force  F  between  two 

Particles,  conjointly,  or  as  DXF ;  but  D  is  as y-,  and 

1  V  > 


F  is  as  4-;  wherefore  DxFisasA-X-h  =  — L_j 

I1  I»  I  »•-)-*.  a 

which  therefore  will  exprefs  the  elaftic  Force  of  the  k i 
Fluid.  Now  the  Denfity  D  of  the  Fluid  in  the  cubic 


Inch  is  as  —  ,  whence  I3  D  is  as  1,  I3  as--,  and  I  as 


which  fubftitufed  for  I  in  the  Expreflion  of  the  J 
VD  v 

i  n  -4-  2 

elaftic  Force  T— -j—  ,  gives  D - -  ;  that  is,  the.  elaftic  i 

1  n  -f- a  ,3  I; 

or  compreflive  Force  is  as  the  Cube  Root  of  that  Power  I  f 

of  the  Denfity,  whofe  Index  is  n- f-2.  *  n 

5.  Hence  if  E  the  elaftic  Force  be  as  the  Denfity  D, 

n  -i*  z 

in  any  Fluid  ;  then  the  general  Expreflion  D  — , 

3  1 

_  »-J-*  •  * 

becomes  E  - - ,  whence  in  that  Cafe  — ‘ —  =  1,  and  , 

2  3 

fo  K-f- 2  —  3  and  «=i.  Confeauently,  in  fuch  a  Fluid 

F  is  as or  the  Particles  repel  each  other  with  Force?  : 


that  are  reciprocally  proportional  to  the  Difiance  of 
their  Centres.  Such  then  is  the  Property  of  the  Air, 

other,  1 
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i 

other,  and  the  more  fo  as  the  Weight  of 
the  incumbent  Air  is  greater ;  and  hence 
we  fee  the  Denfity  of  the  Air  is  greateft  at 
the  Earth’s  Surface,  and  decreafes  upwards 
in  Geometrical  Proportion  to  the  Altitudes 
taken  in  arithmetical Progrejjion.  Now  it  is 
found  that  the  Air  is  four  Times  more  rare 


whofe  Denfity  is  always  proportional  to  the  Forces 
which  compreffes  it,  which  is  alio  proved  by  the  fol¬ 
lowing  Experiment. 
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6.  Let  Mercury  be  poured  into  an  infle&ed  Tube  VYa,y 
ABCD,  open  at  both  Ends,  to  a  fmall  Height  as  B  C.p.f  ’ 
Then  flopping  the  Orifice  D  very  clofe  with  a  Cork  or  **  'S’  4* 
otherwife,  meafure  the  Length  of  confined  Air  DC  very (^2$ 
inicely,  and  pour  Mercury  into  the  other  Leg  A  B,  till 

its  Height  above  the  Surface  of  that  in  C  D  be  equal  to 
the  Height  at  which  it  ftands  in  the  Barometer.  Then 
it  is  plain  the  Air  in  the  fhorter  Leg  will  be  compreil'ed 
with  a  Force  twice  as  great  as  at  firft  when  it  poffeffed 
the  whole  Space  CD;  for  then  it  was  compreffed  only 
With  the  Weight  of  the  Atmofphere  ;  but  now  it  is 
comprefs’d  by  that  Weight,  and  the  additional  equal 
Weight  of  a  Column  of  QuickfiLer.  Let  E  be  now 
the  Surface  of  the  Mercury  in  the  Leg  C  D,  and  upon 
meafuring  D  E,  the  Space  into  which  the  Air  is  now 
comprefs’d,  it  will  be  found  to  be  juft  half  the  former 
Space  C  D,  that  is,  DErzjDC. 

7.  Hence  it  appears  that  the  Spaces  SzzDC,  and 
*=DE,  which  a  given  Quantity  of  Air  poffeffes,  under 
'different  Preffures  p  and  P,  are  as  thofe  Preffures  reci¬ 
procally  ;  that  is,  S  :  j ::  P  :  p.  And  becaufe  the  DenfitieS 
d,  D,  where  theQuantity  of  Matter  is  given  ( An  LVL 
9.)  are  reciprocally  as  the  Magnitudes  of  Bodies,  viz. 

\d  :  D  s  :  S  ;  therefore  the  Denfities  of  the  Air  are  as 
.the  comprefling  Forces  directly,  viz.  d  :D  ::p:P. 

This  Property  of  the  Air  is  the  Principle  to  which  we 
9yve  the  Invention  and  Contrivance  of  feveral  very  ufe- 

at 
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at  the  Height  of  feven  Miles  than  at  the 
Earth’s  Surface  ;  and  therefore  at  the  Al¬ 
titudes  of  7.  14.  21.  28.  35.  42.  49.  &c. 
the  Rarity  of  the  Air  will  be  4.  16.  64. 
256.  1204.  4096.  16384.  &c . 

I  f  the  Air  were  of  an  equal  Denfity 
throughout,  the  Height  of  the  Atmofphere  1 

ful  Inftruments  and  Machines,  fome  of  which  I  will 
exhibit  here,  ahd  others  in  the  Sequel  of  this  Work. 

8.  We  have  {hewn  in  the  laffc  Annotation  that  the 
Preffure  of  the  Air,  in  its  State  of  Mean  Gravity,  will 
fupport  a  Column  of  Quickfilver  to  the  Altitude  of  29^ 
Inches  ;  and  (in  Annot.  LXIII.)  it  was  (hewn  that  the 
fpecific  Gravity  of  Mercury  was  to  that  of  Water,  as 
14  to  i  nearly  ?  therefore  the  faid  Mean  Preffure  of 
Air  will  fuftain  a  Column  of  Water  to  the  Height  of 
*4X29*5=413  Inches 34  Feet  5  Inches.  But  iince 
Mercury  is  not  quite  14  Times  as  heavy  as  Water,  we 
may  take  400  Inches  for  the  Meafure  of  the  Mean  Gra¬ 
vity  of  the  Air  onW  ater,  and  29,5  for  Mercury;  and  then 
we  {hall  have  D  C  :  DE  ::  P  :  29,5  in  Mercury ;  or 
DC  :  DE  ::  P  :  400,  in  Water  ;  confequently  400  DC 

_dexp. 

9.  Again,  let  the  Standard  Altitude  of  Mercury  or 

Water  be  H  =  29,5  or  400.  and  let  the  Altitude  FG= 
b  ;  then  will  Y'~'A-\-h,  and  then  the  above  Equation 
will  give  this  Analogy  :  As  S  :  s  : :  H -\-h :  H,  whence 
S  ;  S  —  s  H  ;  h,  or  DE  :  EC  ::  H  :  h  ;  confequently, 
by  having  D  E  or  C  E  given,  you  know  the  Altitude 
b— F  G.  Thus  for  Example  :  Let  D  C=io  Inches, 
it  is  required  to  fnd  what  Altitude  of  IV : iter  I  G  wtH 
ly  \ts  Prefiure  raft  the  Surface  at  C  one  Inch  ?  Here  CE 
—  i ,  DE=9,  and  Hrz^oo  :  Then  DE  :  CE  ::  H  :  b, 
that  is,  9  :  1  400  :  44*45  or  F  G=44:  Inches  near¬ 

ly,  or  3  Feet  8L  Inches.  Thus  again.  Query  the  Al¬ 
titude  FG  that  {hall  raife  the  Surface  C  9  Inches,  or  A 
of  the  Whole  ?  Say,  As  1  :  9  ::  400:  3600 = F  G,  or 
3C0  Feet.  Thus  the  Altitudes  are  found  for  every 
tenth  Part  of  the  whole  Space  DC,  as  in  the  following 
Table.  .  1 

might 
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might  be  determined  ;  for  by  Experiment 
we  find  the  Length  of  a  Column  of  Air  72 
Feet  high  is  equal  in  Weight  to  one  Inch  of 
Water  of  the  fame  Bafe  :  Hence  the  Den- 
fity  of  Air  is  to  that  of  Water  as  1  to  8  64. 
It  is  alfo  found  by  Experiment,  that  the 
Weight  of  a  Column  of  Air  the  Height  of 
the  Atmofphere  will  be  equal  to  the  Weight 


1 

2 

3 

4 

5 


Feet.  Inches. 

■  3  8 

■  8  4 


H  2 
22  1 


33  4 


Feet.  Inches. 

6  -  50  o 

7  -  77  9 

8  -  133  4 

9  -  300  o 

9i -  633  4 


10.  Hence  is  deduced  the  Nature  and  Stru£lure  of 
the  Sea-Gage,  invented  by  Dr.  Hales ,  and  Dr.  Defa-, 
guliers  ;  whofe  Defcription  thereof  I  fhall  here  give.  AB 

is  the  Gage-Bottle,  in  which  is  cemented  the  Gage-  ^ate 
Tube  F  f  in  the  Brafs  Cap  at  G.  The  upper  End  Qf  XXIX. 
the  Tube  F  is  hermetically  feal’d  or  clofed  ;  the  open 
lower  End  f  is  immerfed  in  Mercury  C  on  which 
Ifwinis  a  fmall  Thicknefs  or  Surface  of  Treacle.  On 
the  Top  of  the  Bottle  is  fcrewM  on  a  Tube  of  Brafs 
jHG,  pierc’d  with  feveral  Holes  to  admit  the  Water 
into  the  Bottle  A  B.  The  Body  K  is  a  Weight  hang¬ 
ing  by  its  Shank  L,  in  a  Socket  N,  with  a  Notch  on 
one  Side  at in  which  is  forced  the  Catch  l  of  the 
f  Spring  3,  and  pafHng  thro’  the  Hole  L  in  the  Shank  of 
:  the  Weight  K,  prevents  its  falling  out  when  once  hung 
|  on.  On  the  Top,  .  in  the  upper  Part  of  the  Brafs 
'Tube  at  H.  is  fix’d  a  large  empty  Ball  or  full-blown 
Bladder  F,  which  muff  not  be  To  large,  but  that  the 
j "Weight  Iv  may  be  able  to  fink  the  Whole  under  Wa- 
•  ter. 

11.  The  Inftrument  thus  conftruffed,  is  ufed  in  the 
following  Manner.  The  Weight  K  being  hung  on, 


of 
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of  a  Column  of  Water  of  the  fame  Bafe, 
and  3 2 Feet,  or  384  Inches  high:  Where-  s 
fore  864  multiplied  by  384  will  produce 
331776  Inches,  or  a  little  above  5  Miles, 
for  the  Height  of  the  Atmofphere,  were 
the  Denfity  every  where  the  fame  as  at  the 
Earth. 

V- 

the  Gage  is  let  fall  into  deep  Water,  and  finks  to  the 
Bottom  ;  the  Socket  N  is  fomewhat  longer  than  the 
Shank  L,  and  therefore,  after  the  Weight  K  comes  to 
the  Bottom,  the  Gage  will  continue  to  defcend,  till !  t 
the  lower  Part  of  the  Socket  ftrikes  again!!  the  Weight; 
this  gives  Liberty  to  the  Catch  to  fly  out  of  the  Hole  L, 
and  let  go  the  Weight  K  ;  when  this  is  done,  the  Ball 
or  Bladder  I,  inftantly  buoys  up  the  Gage  to  the  T  op  I , 
of  the  W  ater.  i 

12.  While  the  Gage  is  underWater,  the  Water 
having  free  Accefs  to  the  Treacle  and  Mercury  in  the 
Bottle,  will  by  itsPreflure  force  it  up  into  the  1  ube  F  f, 
and  the  Height  to  which  it  has  been  forced  by  the  great- 
eft  Preflure,  viz.  that  at  the  Bottom,  will  be  Ihewn  by 
the  Mark  in  the  Tube  which  the  Treacle  leaves  behind 
it,  and  which  is  the  only  Ufe  of  the  Treacle.  This 
{hews  into  what  Space  the  whole  Air  in  the  Tube  F  f 
is  comprefs’d  ;  and  confequently,  by  the  Rule  (in  Art. 
9.)  the  Height  or  Depth  of  the  Water,  which  by  its 
Weight  produced  that  Compreflion,  which  is  the 
Thing  required. 

13.  If  the  Gage-Tube  F  f  be  of  Glafs,  a  Scale 
might  be  drawn  on  it  with  a  Point  of  a  Diamond,  fhew- 
ing,  by  Infpediton,  what  Height  the  Water  Hands 
above  the  Bottom,  which  Scale  is  made  from  the  Num¬ 
bers  in  the  foregoing  Fable,  where  the  Divifion  may 
be  made  for  Hundredth  Parts,  as  well  as  Tenths.  But 
the  Length  of  10  Inches  is  not  fufficient  for  fathoming  i 
Depths  at  Sea,  fince  it  appears  by  the  Table,  that 
when  all  the  Air  in  fuch  a  Length  of  Tube  is  comprel- 


But  fince  the  Denfity  of  the  Air  de- 
creafes  with  the  Prefliire,  it  will  be  more 
rarefied  and  expanded  the  highet  we  go  ; 
and  by  this  means  the  Altitude  of  the  At- 

fed  into  half  an  Inch,  the  Depth  of  Water  is  not  more 
than  634  Feet,  which  is  not  half  a  Quarter  of  a  Mile. 

14.  If  to  remedy  this  we  make  Ufe  of  a  Tube  50 
Inches  long,  which  for  Strength  may  be  a  Mufket-Bar- 
rel,  and  fuppofe  the  Air  comprefied  into  an  ioodth 
Part,  or  4  an  Inch  ;  then  by  faying.  As  1  :  99  ::  400 
:  39600  Inches,  or  3300  Feet  ;  even  this  is  but  little 
more  than  half  a  Mile,  or  2640  Feet.  But  fince  ’tis 
reafonable  to  fuppofe  the  Cavities  of  the  Sea  bear  fome 
Proportion  to  the  mountainous  Parts  of  Land,  fome  of 
which  are  more  than  three  Miles  above  the  Earth’s  Sur¬ 
face  ;  therefore  to  explore  fuch  great  Depths,  ,;the  Doc¬ 
tor  contrived  a  new  Form  for  his  Sea-Gage,  or  rather 

for  the  Gage-Tube  in  it,  as  follows.  BCDF  is  a  Plate 
hollow  metalline  Globe,  communicating  on  the  Top  XXVIII. 
with  a  long  Tube  AR,  whofe  Capacity  is  i  Part  of  that  Fig.  6. 
of  the  Globe.  On  the  lower  Part,  at  D,  it  has  alfo  a 
ihort  Tube  DE,  to  (land  in  the  Mercury  and  Treacle. 

The  Air  contain’d  in  this  compound  Gage-Tube  is 
comprefs’d  by  the  Water,  as  before  ;  but  the  Degree  of 
Comprefiion,  or  Height  to  which  the  Treacle  has  been 
forced,  cannot  here  be  feen  through  the  T ube  :  There¬ 
fore  to  anfwer  that  End,  a  (lender  Rod  of  Metal  or 
Wood,  with  a  Knob  on  the  Top,  muft  be  thruft  up 
to  the  Top  of  the  Tube  A  B,  which  will  receive  the 
Mark  of  the  7'reacle,  and  (hew  it  when  taken  out. 

15.  If  the  7'ube  AB  be  50  Inches  long,  and  of  (uch 
a  Bore  as  that  every  Inch  in  Length  Ihould  be  a  cubic 
Inch  of  Air,  and  the  Contents  of  the  Globe  and  Tube 
together  eoo  Cubic  Inches  ;  then,  when  the  Air  is 
comprefs’d  within  a  ioodth  Part  of  the  Whole,  it  is 
evident  the  Treacle  will  not  approach  nearer  than  5 
Inches  of  the  Top  of  the  Tube,  which  will  agree  to 
the  Depth  of  3300  Feet  of  Water,  as  above.  Twice 
this  Depth  will  comprefs  the  Air  into  half  that  Space 
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mofphere  becomes  indefinite,  and  termi¬ 
nates  in  pure  /Ether.  But  though  we  can¬ 
not  affign  the  real  Altitude  of  the  Atmof- 
phere,  it  is  certain  from  Obfervations  and 

nearly,  viz.  2  i  Inches,  which  correfponds  to  6600 
Feet,  which  is  a  Mile  and  a  Quarter.  Again,  half 
that  Space,  or  1^  Inch,  will  fhew  double  the  former 
Depth,  viz.  13200  Feet,  or  two  Miles  and  a  half; 
which  is  probably  very  nearly  the  greateft  Depth  of  the 
Sea. 

16.  A  Gage  of  this  Kind  may  be  of  very  great  Ufe 
in  many  other  Cafes.  Thus  the  prodigious  Force  of 
Compreffion  arifing  from  Freezing  may  be  accurately 
tried  :  Let  a  Bomb  of  caft  Iron  fix  or  eight  Inches  Dia¬ 
meter,  and  about  one  Inch  thick,  be  fill’d  with  Water; 
then  if  a  fmall  Gage  of  this  Sort  be  made  and  fix’d  to 
a  Stick,  which  is  to  be  fet  upright  in  the  Middle  of  the 
Bomb,  fo  that  the  Gage-Bottle  may  be  in  the  central 
Part  ;  and  if  then  the  Hole  of  the  Bomb  be  fall  fcrew’d 
up,  the  Bomb  cover’d  over  with  a  freezing  Mixture 
(which  is  made  of  equal  Quantities  of  Salt  and  Snow, 
or  pounded  Ice)  in  a  little  Time  the  Water  will  begin 
to  freeze  all  round  the  Infide  of  the  Bomb,  and  by  its 
Expanfion  will  produce  a  greater  Force  upon  the  Wa¬ 
ter,  and  a  greater  Degree  of  Compreffion  of  the  Air 
of  courfe,  than  by  any  other  Means  yet  known :  And 
this  may  be  continued  till  it  fhall  burft  the  Bomb,  when 
the  Gage  taken  out  of  the  globular  Shell  of  Ice  (for  the 
Water  will  be  frozen  only  on  the  Outfide)  will  fhew 
the  exa£t  Quantity  of  this  Force  of  Compreffion. 

17.  Dr.  Hales  (the  Author  of  this  Contrivance) 
actually  made  the  Experiment,  but  not  having  well  fe- 
cured  the  Gage,  it  was  broken  to  Pieces  ;  but  from 
computing  the  Force  neceffiiry  to  burft  an  Iron  Bomb 
an  Inch  thick,  it  appeared  that  this  Force  was  about 
equal  to  1340  Atmofpheres,  or  the  Prellure  of  1340 
times  the  Weight  of  33  Feet  of  Water.  But  this 
Computation  was  made  upon  Suppofition  that  the  Co- 
hefion  of  caft  Iron  is  the  fame  with  that  of  Iron- Wire ; 
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Experiment,  that  45  or  50  Miles  is  the 
utmoft  Height  where  the  Denjity  is  fujficient 
to  ref  raff  a  Ray  of  Light ;  and  therefore 
that  may  be  efteemed  the  Altitude  of  the 
Air  to  the  lead;  fenfible  Degree  of  Denfity. 
KLXXXIX.) 

■  *  * 

but’as  it  muft  be  confiderably  lefs,  fo  the  Number  1340 
may  be  diminifhed  to  1000  ;  and  then  the  Air  muft  be 
comprefs’d  into  a  1000  times  lefs  Space  than  it  had  in 
its  natural  State,  and  muft  in  that  Cafe  have  been  more 
denfe  than  Water  :  For  its  Denfity  then  to  that  of 
common  Air  was  as  x  000  to  1  ;  whereas  the  Denfity  of 
Water  and  Air  are  but  as  860  to  1. 

18.  After  the  fame  Manner  may  be  tried  the  Force 
with  which  dried  Peas,  Beans,  £sY.  expand  with  Moi- 
fture,  when  confin’d  in  a  Bomb  ;  for  it  muft  be  a  very 
ftrongVeffel  indeed,  fince  it  has  been  found  by  Expe¬ 
riment  they  will  burft  a  Gun-Barrel  in  fwelling.  In 
like  manner  alfo  the  elaflic  Force  of  factitious  Air  ge¬ 
nerated  from  Bodies  by  Fermentation  may  be  eftimated 
in  a  very  nice  and  entertaining  Manner  :  With  many 
other  Things  of  this  Sort,  which  the  ingenious  Reader 
will  readily  excogitate  of  himfelf. 

(LXXXIX.)  x.  The  Denfity  of  the  Air  on  one 
Hand,  and  the  Rarity  on  the  other,  are  both  limited  : 
No  Condenfation  can  reach  fo  far  as  to  caufe  a  Penetra¬ 
tion  of  Parts  ;  the  utmoft  Limit,  therefore,  of  Denfity, 
muft  be  a  perfect  Plenum,  or  a  given  Quantity  of  Air 
reduced  into  a  Space  abfoiutely  full,  or  without  any 
Pore  ;  which  is  a  Degree  of  Denfity  that  has  not  been, 
and  probably  never  will  be,  in  the  Power  of  Art  to  ef¬ 
fect. 

2.  On  the  other  Hand,  the  Rarity  of  the  Air  cannot 
proceed  ad  infinitum,  but  has  its  Limit  from  its  Gravity  : 
For  though  the  Rarefaction  of  the  Air  be  ftill' greater  as 
t  the  Diftance  from  the  Surface  of  the  Earth  increafeth, 
its  Spring  at  length  will  be  fo  weaken’d,  that  the  Force 
by  which  the  Particles  tend  upwards  from  thofe  next 
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Since  the  Gravity  of  the  Air  is  fo  va¬ 
rious,  that  at  one  time  it  will  fuftain  a  Pil¬ 
lar  of  Mercury  3 1  Inches  high,  when  at 
another  it  will  raife  it  but  to  the  Height  of 


below  them,  will  be  lefs  than  the  Force  of  Gravity  by 
which  they  tend  downwards.  The  Rarefadfion  of  the 
Air  muft  therefore  be  bounded,  where  thefe  two  oppo- 
fite  Forces  come  to  balance  each  other. 

3.  Now  though  we  cannot  poffibly  define  the  Limits 
of  the  Atmofphere,  yet  we  may  ftill  inveftigate  how 
much  the  Air  is  rarefied  at  any  propofed  Altitude  above 
the  Earth’s  Surface  :  For  doing  which,  feveral  Methods 
have  been  propofed  ;  fome  of  which  are  very  tedious, 
and  difficult  to  be  underftood.  I  {hall  here  illuftrate  Sir 
Ifaac  s  Theorem  for  that  Purpofe,  which  is  very  concife 
and  plain.  It  requires  only  two  different  Denfities  of  the 
Air,  at  two  given  Altitudes  above  the  Earth’s  Surface, 
to  be  known,  and  which  we  eafily  obtain  by  Experi¬ 
ment  as  follows. 

4.  Take  a  Vial  AE  F  B,  fill’d  two  Thirds  full  of 
Water  to  CD;  in  which  let  a  long  Tube  IG  (open 
at  both  Ends)  be  immerfed,  and  clofely  cemented  to 
the  Vial  at  A  B,  fo  that  none  of  the  included  Air  may 
efcape.  This  done,  blow  a  little  Air  through  the 
'J  'ube  into  the  Vial,  which  increafing  the  Spring  of  the 
contained  Air,  will  caufe  it  to  raife  and  fupport  a  Co¬ 
lumn  of  Water  in  the  T  ube,  to  fuch  a  Height  H,  that  its 
Weight,  together  with  that  of  a  Column  of  Air  preffing 
on  its  Surface  H,  is  equivalent  to  the  increafed  Spring 


of  the  confined  Air. 

5,  The  Vial  and  Tube  thus  prepared  are  to  be  car¬ 
ried  up  to  the  Top  of  a  Tower,  Mountain,  or  fome  high 
Place  ;  and  in  the  Alcent,  fince  the  Column  of  Air 
preffing  on  the  Water  at  H  is  conftantly  (hortened,  fo 
its  Force  of  Preffure  will  be  diminished.  The  Spring 
of  the  Air  in  the  Vial  will  therefore  keep  the  Column 
of  Water  conftantly  rifing  in  the  Tube;  fo  that  when 
you  have  afcendcd  the  Height  of  about  72  Feet,  the 
V  ater  in  the  Tube  will  have  rifen  from  H  to  L,  thro’ 
i  28  Inches, 
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US  Inches,  in  the  Barometer j  it  follows, 


that  we  may  take  29  |  Inches  of  Mercury 
for  the  mean  Altitude ,  and  confequently  its 


the  Space  of  one  Inch  ;  and  fo  in  Proportion  for  any 


:  .other  Altitude,  as  I  have  feveral  Times  found  by  trying 
i the  Experiment. 

6.  From  hence  it  appears,  that  the  Altitude  of  one 
linch  of  Water  is  equivalent  to  the  Altitude  of  72  Feet, 
or  864  Inches  of  Air ;  and  therefore  the  fpecific  Gra¬ 
vity  of  Air  is  to  that  of  Water  as  1  to  864,  or,  as  Sir 
IJ'aac  has  ftated  it,  860.  Now  fince  the  fpecific  Gra¬ 
vity  of  Water  is  to  that  of  Mercury  as  1  to  14,  there' 
fore  the  fpecific  Gravity  of  Air  to  that  of  Mercury  will 
be  as  1  to  860X14=12040  ;  and  fince  the  Height  of 

1  Mercury  fupported  by  the  Air  in  the  Barometer  is 
2,5  Feet;  if  we  fay,  As  1:12040::  2,3:2,5X12040 
—  30 1  CO  Feet,  which  would  be  the  Height  of  the  Air 
1  'were  it  every  where  as  denfe  as  at  the  Earth,  or  about 
5!  Miles. 

7.  But  fince  the  Air  is  not  uniformly  denfe,  we  mull 
feek  its  Height  by  another  Method  to  be  taught  by  and 
by.  In  the  mean  time,  as  the  Air’s  Denfity  conftantly 
(decreafss,  we  fhall  drew  how  to  find  the  Ratio  of  its 
Denfity  at  any  Altitude  to  that  at  the  Earth’s  Surface. 
Thus,  fince  the  Denfities  are  as  the  compreffing  Force, 
which  is  as  the  Altitude  of  the  incumbent  Column  of  Air, 
and  fince  the  Weight  of  Mercury  is  to  Water  as  1  to 
14,  it  is  plain  that  the  Air  which  fupports  a  Column  of 
Mercury  2,33  Feet,  will  fuftain  a  Column  of  Water 
ito  the  Height  of  3  3  Feet.  The  Denfity  on  the  Earth’s 
Surface  then  is  as  33. 

8.  Again;  it  is  evident,  fince  860  Feet  Altitude  of 
Air  is  equal  in  Weight  to  1  of  Water,  therefore  at  the 
Height  of  860  Feet  above  the  Earth,  the  Air  (conti¬ 
nuing  in  the  fame  State)  would  fuftain  only  32  Feet  of 
Water.  At  the  Height  therefore  of  860  Feet,  the  Den¬ 
fity  of  the  Air  is  as  32. 

9.  Hence  the  Denfity  at  any  other  Altitude  is  ealily 
found  by  the  Hyperbola  fa  i  b,  and  its  Afymptotes  SF 
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Weight  for  the  mean  Weight  of  a  Pillar  of 
Air  of  the  fame  Bafe.  But  a  Column  of 
Mercury  whofe  Bafe  is  one  Square  Inch ,  and 
Altitude  29I,  weighs  about  1 5  lb.  which  is 

and  S/,  S  being  the  Centre  of  the  Earth,  and  A  its  Sur- 
Plate  face  :  Then  the  Earth’s  Semidiameter  S  A  =  4000 
XX  VIII.  Miles  nearly,  or  21 1 20000  Feet.  Take  A  B  —  S60 
Fig.  Jr  Feet,  and  let  the  Denfity  of  the  Air  be  required  for  any  - 
other  Height,  as  A  C  -  7  Miles,  or  36960  Feet.  In 
the  Points  A,  B,  C,  ere&  the  Perpendiculars  A  H, 
B  I,  C  K.  which  let  be  made  proportional  totheDen- 
fities  of  the  Air  in  the  Points  A,  B,  C  j  that  is,  let 
A  H  :  B  I  ::  33  :  32,  and  A  H  :  C  K  ::  33  :  a*  ;  and 
from  the  Points  H,  I,  let  fall  the  Perpendiculars  Hr, Ik.: 
10.  Then  putting  SA  —  Aa—r,  SB— #,  SC— b,  and 
r  r  r  r  .  K 

SB  :  SA  : :  Aa  :  Bb  =  —  j  thus  C  c=~r-}  then  A <2- 

a 


•p,  ,  a  r — r  r  .  .  n  b  r 

B  £  — - ,  and  Aa— Cc —  — 


-r  r 


.  And  put  m  : 

a  b 

n 33  :  32  ::  A  H  :  B  I.  Then  by  the  Nature  of  the 
Hyperbola,  we  have  the  Area  tbi  u  as  the  Logarithm 

of  and  the  Area  t  h  kw  as  the  Logarithm  of^;  or 

oft 
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the  Area  t  h  1  u:t  bkw  ::  L.—  :  L,. 


rn 


But  (  by 


Coroll.  to  Prep.  XXII.  Lib.  2.  of  the  Principia)  it  is, 

a  r  —  r  r 

t  h  i  u  \thkw  : :  A  a  B  b  :  A  a  —  C  r  ;  . 


b  r — r  r 


b—r 

b 


b  a 

1 1,  Now,  becaufe  a — r  =  A  B=  860,  and  b—r — 

860  36960 

AC  —  36960,  we  have 


21120000  *  21156960 


m 


m 


TIL 

L.  —  :  L.  whence  we  have  L.  —  =  0,573190  > 

n  x  x 

therefore  L.m  —  h.x  -  0,573 190  ;  whence  L.  m  — 
0,573190  —  L.x  —  0,945 3^'L  the  Number  anfwenng 
to  which  is  8,817  —  x  —  C  K,  the  Denfity  required. 

equal 


\ 
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the  Preffure  of  Air  on 


every 
every 
and  al- 
the  Sur- 


upon 


Square  Inch  5  and  therefore 

Square  Foot  it  will  be  2160  lb 

; owing  147  Square  Feet  for 

Dr,  the  Denfity  at  A  is  to  the  Denfity  at  C  as  A  H  to 
IpK,  or  as  33  to  8,817,  which  is  nearly  as  4  to  t. 
12.  From  the  Nature  of  the  Hyperbola  it  is  plain, 
(  jjhe  Denfities  wi,  n ,  x,  mud  be  in  a  geometric  Pro- 

I 


rejfion.  But  to  fhew  thefe  Things  more  generally : 
et  S  C=  *  be  a  variable  Diftance,  and  its  Fluxion 
>E  ~  i  ;  let  the  Denfity  CK=),  the  compreffing 
'orce  in  the  Altitude  C  as  v,  and  the  Power  of  Gra~ 
ity  as  g.  Then  will  the  fpecific  Gravity  of  the  Air 
e  there  as  g  y  ;  for  it  will  be  as  the  Denfity  y  when 
he  Gravity  g  is  given,  and  as  the  Gravity  when  the 
Denfity  is  given  :  and  when  neither  is  given,  it  will  be 
onjointly  as  both. 

13.  Since  the  whole  Weight  or  Preffure  of  a  Column 
f  any  homogeneous  Fluid,  of  a  uniform  Denfity,  is  as 
Is  fpecific  Gravity  multiplied  by  its  Magnitude,  (by 
btnot.  LVI.  10.)  and  if  the  Bafe  be  the  fame  as  the 
lid  Gravity  multiplied  by  the  Altitude,  and  therefore 
s  fluxion  as  the  fpecific  Gravity  multiplied  by  the 
luxion  of  the  Altitude  ;  therefore  we  have^jy  x  —  — 
I,  becaufe  the  Denfity  of  the  Air  thro’  the  very  fmall 
jpace  C  E  may  be  look’d  upon  as  uniform  ;  and  fince 
le  Preffure  decreafes  as  the  Altitude  x  increafes,  there- 
|ire  it  is  that  we  make  the  f  luxion  of  it  negative,  viz. 
-j— 1 v. 

14.  If  the  Gravity  g  be  as  — ,  and  the  Denfity  y  as 

tti 

ny  Power  n  of  the  compreffing  Force  v,  viz.  if y  :  v ”, 

I 

ad  therefore  by  taking  the  Fluxions  we  have 

I — n 
I  n 

—  y  ii,  ]n  th.e  Place  of  g  and  v  in  the  Equa- 

■ 

ongy  x— — let  their  Values  be  fubftituted,  and  we 


ave . 


1 — n 
n 


Xm 


L  2 


face 


'  V77  Gym, 

-  v!":^  I 

1 : 


'  Pneumatics. 
face  of  the  Body  of  a  middle-fized  Man,  il 
muft  fuftain  a  Preffure  of  31320  Pounds 

15.  It"  we  put  «=i,  that  is,  if  the  Denfity  be  as  the 

y  x 

compreffing  Force,  we  have  — -  —  xm  ‘  finci 

any  Quantities  x,  x-)-2a,  in  arithmeti 

cal  Progreffion,  have  all  their  Fluxions  equal  and  the r 

fame,  viz.  *  ;  therefore  if  any  Quantities  be  ta 

.  .  — m — iXj 

ken  in  fuch  a  Progreffion,  their  fluxions  - — - 


or  Hi  will  be  all  the  fame  or  conftant ;  therefore 

Xm 

L —  —  fL  —  1  ;  confequently  y  :yf  that  is,  the  Flux 

y  aw 

ions  of  the  Denfities  are  as  the  Denfities  themfelves 
which  therefore  are  in  Geometrical  Progreffion,  as  i 
manifeff  from  the  Dodrine  of  Fluxions. 

16.  If  in  the  fame  Hypothecs  you  put  m=z  i,  orfup 
pofe  the  Gravity  to  be  every  where  uniform,  or  given 

then  —  =  — - .  If  now  we  take -  conftant,  0. 

y  X  X 

make  x :  .v,  then  will  the  Diftances  x  be  in  Geometri- 

y 

cal  Progreffion ;  and  in  that  Cafe  alfo  we  have 

ory  ;  y  ;  whence  alfo  the  Denfitiesy  are  in  Geometrical 
Progreffion. 

I - 2B 

17.  The  Fluent  of  the  above  Equation-d  y”  j— 

I — n 

—  ;S - y  — - .vi—  m-[-Q_,  a  conftant  Quan 

1 — n  m—i 

tity.  Here,  ’tis  plain,  it  cannot  be  «  =  0,  for  ther 

I  rr  •  .  j 

y  0  c=Infinite  ;  nor  can  m—  1,  becaufe  then  it  woult 
'  be  and  fo  the  Denfity  y  would  be  ever) 


OJ 


149 


Pneumatics. 

hr  14  Tons,  when  the  Air  is  of  a  mean 
Gravity.  This,  prodigious  Force  would 

.vhere  the  fame,  or  conftant  neither  can  n  —  1,  for 

I — n  0 

hen  y  —  y  ~o.  To  determine  the  Value  of  Q, 
ve  muftfirft  define  the  Altitude  SF,  where  the  Denfity 
i’anifliesj  or  y—o,  and  call  it  «=SF ;  then  we  have  Qza 

I — n 

-  I  ,  ,  I  ,~V  a-i-M-xi-m 

- al—m  ;  and  hence - /  — - j 

\n  —  1  1— «  m—i 

vhere  ’tis  plain  ought  to  be  a  pofitive  Number, 

nd  lefs  than  Unity,  that  while  the  Diftances  x  increafe, 
he  Denfities  y  may  decreafe. 

18.  If  the  Altitude  at  which  the  Denfity  y  vanifhes 
?e  fuppofed  infinite,  then  Q_—  0,  and  the  Equation  is 

1 — n 


I  n 

y 

■n 


m- 


For  if  in  the  Equation  (Art. 


al—m  xi — m 

7.)  y—o ,  and  *r:Infinite,  then - -  =  0  5 

'  m — 1 


in —  1 


a  1 — m  x  1 — ** 

herefore  - =  - •,  and  fo  a—x~ Infinite,  con- 

m — 1  m — 1 

jrary  to  Suppofition. 

19.  If  now  the  Gravity  be  reciprocally  as  the  Squares 
|>f  the  Diftance,  or  m  =  2,  we  have  the  Equation 


I— n 


I 


—  y  —  — 

!i — n  m 


- — xi—m  become 


— n 


■  y  n  — 


x  » 


whencey  will  be  reciprocally  as  at”—1, which  is  a  general 
Formula  for  any  Hypothefis  of  the  Ratio  of  the  com- 
ireffing  Power  and  Denfity.  Thus,  if  you  fuppofe  the 
:omprefling  Force  in  the  duplicate  Ratio  of  the  Den- 
ity,  that  is,  yx  w,  theny=^,  and  and  there- 


ore  - - —  1,  whence  y  will  be  reciprocally  as  x. 

Hence  all  thofe  Cafes  of  Scholium  to  Prop ,  XXII.  Lib. 

L  3  crufli 
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crufh  us  into  a  very  fmall  Compafs,  were  it 
not  that  it  is  equal  on  every  Part,  and  coun- 

I.  of  the  Principle i  are  derived,  and  any  others  at  Plea- 

^’o.  The  Denfity  of  the  Air  decreafing  indefinitely, 
it  is  evident  there  is  no  certain  Limit  or  Boundary  of  the 
Atmofphere,  which  gradually  rarefies  into  pure  /Ether, 
or  Aura ,  as  it  is  often  call’d.  But  fince  one  principal 
Effeft  of  the  Air  is  the  Refra&ion  of  Light,  and  fince 
the  Particles  of  Light  are  the  fmalleft  Bodies  we  know 
of  in  Nature,  ’tis  reafonable  there  to  fix  the  Boundary 
of  what  we  may  proper  ly  call  Air ,  in  the  Altitude  where 
it  begins  to  have  the  Power  of  producing  this  leait  Et- 
fea  Tn  Nature,  viz.  the  refraining  a  Ray  of  Light. 

at  To  difeover  this  Altitude  of  the  Air,  we  have 
the  following  Method.  Let  ADF  be  the  Surface  of  thq 
Earth,  S  the  Sun  below  the  Horizon,  S  b  a  Kay  ot 
Light  touching  the  Earth  ,  which  is  refleaed  by  a  Par¬ 
ticle  of  Air,  in  the  higheft  Part  at  B,  in  the  horizon¬ 
tal  Line  BA  to  a  Speaator  at  A.  The  Angle  S  B  N 
is  the  Depreffion  of  the  Sun  below  the  Horizon  in  this 
Cafe,  which,  becaufe  it  is  at  the  Moment  Twilight 
ends’  is  known  from  Obfervation  to  be  about  1 8  De¬ 
crees.  But  becaufe  B  A  is  alfo  a  I  angent,  the  Angle 
A  CD  =  S  B  N  =  i8  Degrees;  and  the  Angle  ACB 
A  CD— 9  Degrees  ;  which  would  be  true,  did  the 
Ray  SB  pafs  through  the  Atmofphere  without  Refraction, 
but  becaufe  it  does  not,  but  is  refratfed  or  bent  towards 
H  the  Angle  ACB  muft  be  diminifhed  by  the  horizon¬ 
tal  Refradiion,  whuh  is  about  half  a  Degree  j  whence 

the  Angle  ACB  =  8°  3°'-  ,  ,  _  .  .  A  n  „ 

22.  Therefore  in  the  right- angled  Triangle  Al.p 
xv e.  have  all  the  Angles  given,  and  one  Side,  (viz  A  C 
—  4000  Miles,  or  the  Semidiameter  of  the  Earth,)  to 
find  the  Side  BC,  thus. 


As  the  Sine  ABC  =  81’3  30'  —  9-9952°3 
Is  to  the  Side  AC—  4000  3  3.6O2C60 

So  is  Radius  5°°  =  lo.cooooo 


Tp  the  Side  B  C  r:  4044.2  —  3.606857 

terbalanced 
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terbalanced  by  the  equal  Re-a£tion  of  the 
1  Spring  of  the  Air  within  us.  (XC.) 

wherefore  BC — HCr=HBr=44^  Miles,  the  Height  of 
the  Atmofphere  required. 

(XC.)  1.  Since  a  cubic  Inch  of  Mercury  weighs  very 
nicely  8,1  oz.  dverdufois,  a  Pillar  of  Mercury,  whole 
Bafe  is  one  fquare  Inch,  and 

lb.  cz. 

S28  1  f'4  3) 

2g\;  >  Inches,  will  weigh  <  14  15  >fere. 

31  3  f.  15  11  3 

2.  So  that  the  Air,  at  a  mean  Gravity,  is  equivalent 
to  the  PrelTure  of  15  lb.  upon  ever y  fquare  In  J)-,  and 
therefore  upon  every  fquare  Foot  it  will  be  equal  to  2  1  60 
lb.  and  2160X14,5=  3:320 /^.  or  14  Tons  nearly, 
the  Weight  or  PrelTure  fuftain’d  by  a  middle-fized  Man. 

When  the  Air  is  lighteft,  this  PrelTure  is  131  Tons  ; 
and  when  heavieft,  it  is  I4X3S  Tons,  the  Difference  is 
I, I  Ton,  =  2464  lb.  the  Weight  with  which  we  are 
comprefs’d  more  at  one  Time  than  another. 

3.  This  great  Difference  of  PrelTure  mult  greatly  af- 
feft  us  in  regard  to  the  animal  Functions,  and  confe- 
quently  in  refpeft  to  our  Health.  If  a  Perfon,  for  In- 
ftance,  be  afthmatical,  he  will  find  his  Diforder  in- 
creafe  with  the  Levity  of  the  Air;  for  fin ce  a  pure, 
denfe,  elaftic  Air,  which  is  very  heavy,  is  only  capable 
to  diftend  his  Lungs  in  Refpiration,  when  the  Air  is 
lefs  comprefs’d  by  its  diminilh’d  Weight,  it  will  have 
lefs  Elafticity,  and  fo  be  lefs  capable  of  expanding  the 
Lungs;  the  Valetudinarian  will  therefore  find  his  Dif¬ 
ficulty  of  Breathing  increafe  in  Proportion. 

4.  Again,  the  Reafon  why  we  think  the  Air  lighteft 
in  fine  Weather,  when  it  is  really  heavieft,  is  becaufe 
the  greater  PrelTure  conftringes  and  braces  the  Fibres 
and  Nerve?,  and  brings  them  to  a  dhe  Tone,  by  which 
*  Means  all  the  Blood- Veffels  aft  with  their  full  Power 
and  natural  Vigour  ;  hence  a  proper  Velocity  is  given 
to  the  Fluids,  and  a  greater  Momentum  to  overcome 
Obftruftions  in  the  Capillaries  ;  thus  by  a  briik  Circu,- 
L  4  The 
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The  Weight  of  the  Air  is  proved  by  a 
great  Variety  of  curious  Experiments,  the  [I 
principal  of  which  here  follow.  ,  1 


Plate 
XXIX. 
Fig.  3. 


lation  of  the  Fluids,  and  a  due  Compiefiion  of  the  So¬ 
lids,  we  find  ourfelves  firm  and  well,  alert  and  light,  and 
therefore  fancy  the  Air  is  fo. 

5.  Whereas,  on  the  contrary,  when  this  Preflure  is 
lefien’d  by  near  2500  lb.  the  Fibres  are  relaxed,  the 
contra&ile  Force  of  the  Veflels  diminilhed,  a  languid 
Circulation  enfues,  Obftru&ions,  Vifcidities,  £3V. 
happen,  and  produce  Agues,  Fevers,  Aches,  &c.  in 
fome  ;  and  in  all,  a  Sort  of  Indolence  or  gloomy  Inadti- 
vity,  and  Heavinefs  ;  and  therefore  we  imagine  that  it 
refults  from  the  Fleavinefs  of  the  Air,  when  it  is  juft  the 
contrary. 

6.  If  it  be  required  to  find  the  W eight  of  the'whole  At- 
mofphere  on  the  Earth’s  Surface,  we  may  proceed  thus  : 
Suppofe  the  Earth’s  Diameter  in  round  Numbers  8000 
Miles,  the  Area  of  a  great  Circle  will  be  8oooX8oca 
Xo, 7854=  50266400  fquare  Miles,  which  multiplied 
by  4,  gives  201065600  fquare  Miles  for  the  Surface  of 
the  Earth  ;  but  becaufe  we  took  the  Diameter  a  little 
too  large,  we  may  take  200,000,000  for  the  Number 
of  fquare  Mites'  in  the  Earth’s  Surface;  in  one  fquare 
Mile  aie  (5280x5280=)  278784DO  fquare  Feet,  there¬ 
fore  on  the  Earth’s  Surface  we  have  5; 75680000000000 
fquare  Feet,  which  multiplied  by  2160  (the  Preflure^ on 
each  fquare  Footer/.  2.)  gives  1204  :468800000000000 
lbs.  for  the  whole  Preflure.  jV.  B.  Since  2240  lb.  make 
a  Ton,  the  Preflure  2160  lb.  upon  a  fquare  Foot,  is  very 
near  a  Ton  Weight. 

7.  I  Dh all  now  prefent  the  Reader  with  a  Solution  of 
a  very  curious  Problem,  viz.  To  find  the  Tbicknejs  1’  H 
of  an  hollow  Ball  or  Globe  h  D  M  E,  made  of  any  given 
'Metal,  &c.  wkefe  fpecijic  Gravity  is  known ,  fuih  ibat  it 
jhall  fuim  i?7wierfed  in  Part  or  wholly  in  any  homogeneous 
Fluid,  wbofe  fpcdfic  Gravity  is  elfo  known.  Let  A  B  be 
the  Surface  of  the  Fluid,  and  let  the  Globe  F  D  E  fwim 
therein,  immerfed  to  the  Depth  LM,  and  let  the  (pecific 
Gravity  cr  the  Metal  be  to  th^t  of  the  Liquor  as  x  to 

('•)  By 


1 


] 
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(i.)  By  actually  weighing  it  in  a  nice 
Balance  ;  where  we  fhall  fee  that  one  Gallon 
of  Air  will  weigh  a  Dram  very  nearly. 
(2.)  By  fiHing  a  Glafs  Tube  with  Mercu¬ 
ry,  and  inverting  it  in  aBafon  of  the  fame 
Fluid,  where  it  will  appear  that  a  Column 
will  be  fupported  in  the  Tube  by  the  foie 
Weight  or  Preffure  of  the  Air,  to  upwards 
the  Height  of  28  Inches.  (3.)  By  taking 
the  Air  off  from  the  Surface  of  the  Quick- 
filver  in  the  Gage  of  the  Air-Pump,  which 
then  immediately  rifes  by  the  Preffure  of 
the  external  Air.  (4.)  By  exhauftir.g  a 
Receiver  placed  over  the  Hole  of  the  Brafs 
Plate  on  the  Pump,  which  will  then  be 
kept  faff  on  by  the  Preffure  of  the  incum¬ 
bent  Air.  Or,  (5.)  More  demonftrative- 
ly  by  exhauffing  a  fmall  Receiver  under 
one  larger,  and  letting  in  the  Air  at  once 
upon  it  ;  which  will  then  be  faften’d  to 
the  Plate  as  before,  though  not  placed  over 

8.  Then  putting  the  Diameter  FMr=D, 

LM— .*■ ;  we  have  the  fpherical  Shell  equal  to  the  Sphere 

t)  D2  p  dz 

FDE.— Sphere  HIK,  that  is,  - - - :  alfo  the 

,  •  PD*4  PX%  1  • 

Segment  of  the  Liquor  DME,  is  ^  an°>  m 

Cafe  of  an  Equilibrium  between  thefe  Quantities, we  have 

kP_ZI hJL.  ;  CP-_ - n  :  j.  Whence  we  fhall 

6  2D  3D 

get  D3 — iJD  =  3  Dx’/z — 2«v3 ;  and  thence  D3 — 3D^n 

the 
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the  Hole.  (6.)  By  placing  the  Hand  on 
the  open  Receiver,  and  exhaufting,  the 
Weight  of  the  Air  on  the  Hand  will  be  ex-  , 
tremely  fenfible.  (7.)  By  placing  a  plain 
Piece  of  Glafs  on  the  faid  open  Receiver,; 
which,  when  the  Air  is  a  little  exhaufted, 
will  be  broke  into  Pieces  by  the  Weight  of 
the  Air.  (8.)  A  Bladder  tied  over  the 
fame  Glafs  will  be  broke  in  the  fame  Man¬ 
ner.  (9.)  The  Air  exhaufted  from  a  thin 
Bottle  under  a  Receiver,  and  then  fudden- 
ly  let  in,  will,  by  its  Weight,  inftantly 
reduce  it  to  very  fmall  Pieces.  (10.)  A 
Bottle  broke  by  the  fame  means  another 
Way.  (11.)  By  putting  a  Piece  of  Wood 
under  Quickfilver  in  the  Receiver,  and 
then  exhaufting  the  Air,  and  letting  it  in 
again,  it  will  by  its  Weight  force  the 
Quickfilver  into  the  Pores  of  the  Wood, 
and  very  fenfibly  increafe  its  Weight.  (12.) 
The  exhaufted  Brafs  Hemifpheres  prove 


•\-2nx1  =  d'D  ;  or  D1 — 3^4 


2  n  x* 

~D~ 


dr ;  whence 


at  laft  d=  ^/D1— 3 


D — d 
Therefore - 


the  Thicknefs  of  the  Shell  required.  .  , 

9.  If  we  fuppofe  the  Body  to  fwim  in  the  fluid 

wholly  immerfed,  then  x  —  D,  and  d—^/D  X  1  n 
—j)  Now  admit  FDE  be  a  Sphere  of  Copper 

10  Feet  in  Diameter,  and  that  the  Fluid  Medium  be 
Air,  whofe  Ipecific  Weight  to  that  of  Copper  is  as  1  to 

not 
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not  only  the  prodigious  Weight  of  the 
Air,  but  alfo  the  Quantity  thereof  very 
exaftly.  (13.)  By  exhaufting  Glafs  Bubbles 
fwimming  in  Water,  and  letting  the  Air 
in  again,  it  will  force  the  Water  into  the 
Bubbles,  and  make  them  fink.  (14.)  The 
Syringe  with  its  Weight  defending  in  Va¬ 
cuo,  and  afcending  again  upon  the  Admif- 
fjon  of  Air,  does  very  prettily  prove  the 
Prejfure  of  the  Air ,  and  the  Rationale  of 
Syringes  in  general.  (XCI.) 


860X9  =  7640  ;  hence  n  =  and  therefore  1—  n 


7640’ 

1  . —  •  and  becaufe  D  =  io  Feet,  or 

7640  7640  _ 


120 


Inches3therefore  120 1/ 1° 39  _  d  ~  H9>992  >  ant* 

7640 

the  Thicknefs  of  the  Metal  re- 


Bz^-o,oo4=F  H, 

2  ... 

quifite  for  the  Globe  to  fwim  in  Air.  .  . 

10.  But  in  order  to  this,  one  Thing  more  is  necef- 
fary,  viz.  that  the  Concavity  of  the  Globe  be  a  pure  V vd 
or  Vacuum  :  for  if  it  be  fill’d  with  Air  only,  the  j  o. 
will  fink  in  the  Air,  be  it  ever  fo  thin  ;  b«aufc.n  that 
Cafe  it  malt  be  heavier  than  an  equal  Bulk  or  G  obe  oh 
Air.  Hence  we  fee  how  impoffible  a  Thing  is  that 
Aerial  Navigation,  which  Franctfcas.de 
Miracle-Mongers  have  amuled  us  with,  befor 
Philofophy  appear’d  to  deliver  us  from  thofe 1  vain  Spe¬ 
culations,  and  fruitlefs  Attempts  that  may  be  grounded 

the(XCi.)  1  •  I  fhall  here  give  the  Rationale  of khe  seve¬ 
ral  Phenomena  of  the  Experiments  on  *he^ir‘f 
hey  are  (hewn  in  the  Order  of  my  Ledur  s  on  this 

Subjed.  The  firft  of  which  is,  »  Jbcw  the^‘ 
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That  Water  rifes  in  Pimps ,  Syphons , 
and  all  Kinds  of  Water  Engines,  by  the 

Weight  of  the  Air  by  weighing  it  in  a  Balance ;  of  which 
we  have  already  given  an  Account  in  Annotation 
LXXXVII.  2. 

2.  The  Second  is,  fixing  a  final!  Receiver  on  the  Plate 
of  the  Air-pump,  by  exhaujling  the  Air  out  of  it.  The 
Reafon  of  which  is,  that  the  Preffure  of  the  Air  a£ls 
now  alone  on  the  Outfide  of  the  Glafs,  and  perpendi¬ 
cularly  on  its  Top,  and  preiles  it  down  with  a  Force 
equal  to  fo  many  Times  15  lb.  as  there  are  fquare  In¬ 
ches  in  the  Top  of  the  Glafs,  or  in  the  larged  horizon* 
tal  Seddion  of  it.  The  Spring  of  the  Air,  (which  is  always 
equipollent  to  the  Preffure)  being  now  taken  away  from 
within  the  faid  Receiver,  will  leave  it  to  fuftain  the 
entire  Force  of  Preffure,  which  will  therefore  fix  it  fall: 
down  to  the  Plate. 

3.  The  7  bird  Experiment  fixes  the  Glafs  firmly  on  the 
Plate ,  not,  as  before,  ever  the  Hole ,  but  on  one  Side  of  it. 
This  is  to  undeceive  People  in  regard  to  the  common 
erroneous  Notion  of  a  Sudtion,  which  they  fuppofe  is 
fomething  within-fide  of  the  Glafs  that  draws  it  down 
as  the  AirpafTes  out  through  the  Hole.  But  when  they 
fee  the  Glafs  placed  on  one  Side  the  Hole  under  a  Re¬ 
ceiver,  and  that  as  the  Air  is  drawn  out  of  the  Recei¬ 
ver  it  will  by  its  Spring  all  efcape  from  under  the  Glafs 
at  the  fame  time,  and  then  when  the  Air  is  let  into  the 
Receiver  all  at  once,  it  falls  on  the  little  Glafs,  and  fixes 
it  down  in  fuch  Manner  that  it  is  plainly  feen  to  fink 
into  the  Leather  upon  the  Plate  ;  I  fay,  when  all  this  is 
feen  and  confider’d,  it  entirely  eradicates  that  vulgar 
Error,  and  fets  the  Truth  in  a  clear  Light. 

4.  Th oi Fourth  Experiment  fixes  a  Perfon  s  Hand  on 
the  Top  of  an  open  Receiver.  1  his  is  done  by  the  Pref¬ 
fure  of  the  Air  on  the  Top  or  Back  of  the  Hand,  when 
the  Spring  of  the  Air  is  wanting  within  the  Receiver  to 
counter-a£l  it.  This  great  Preffure  is  very  fenfible  to 
the  Hand,  though  not  hurtful;  and  the  Skin  and  Flefh 
is  vifibly  prefs’d  down  between  the  Metacarpal  Bones. 
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Prejfure  of  the  Air  only,  is  made  evident 
by  taking  oft  the  Paid  Preftiire  (in  the  ex- 

The  Spring  of  the  Air  in  the  Hand  at  the  fame  time 
exerts  itfelf,  by  extending  the  Skin  and  Flefh  of  the 
Part  of  the  Hand  on  the  Glafs  as  far  down  as  poflible, 
by  which  means  the  Blood  flows  thither  in  great  Quan¬ 
tity,  as  in  Cupping,  and  makes  the  Part  look  very  red. 
If  the  Area  of  the  Top  of  the  Receiver  be  4  Square 
Inches,  the  Hand  will  be  prefs’d  or  kept  on  by  a  Weight 
equal  to  60  lb. 

5.  The  Fifth  Experiment  is  fixing  the  Brafs  Hemi- 
fpheres  together  by  the  Prejfiure  ofi  the  external  Air ,  in  fuch 
Manner  as  to  require  twojlrong  Men  to  pull  them  afunder. 
This  is  done  by  exhaufting  the  Air  from  their  Cavity, 
and  thereby  taking  away  the  Spring,  leaving  the  Pref- 
fure  to  a£t  alone.  If  the  Diameter  of  the  Hemifpheres 
be  4  Inches,  the  Area  will  be  12,556  Square  Inches, 
which  multiplied  by  15  gives  188,3 /A  by  which  they 
are  comprefs’d  together. 

6.  The  Sixth  Experiment  jhews  the  Spring  of  the  Air 
throwing  the  Air  out  of  a  Glafs-Bubble  through  the  Water 
in  which  it  is  placed ,  in  Form  of  large  round  Bubbles  of 
Air.  This  is  done  by  taking  the  Preflure  of  the  Air 
off*  the  Surface  of  the  Water  in  the  Jar  under  the  Re¬ 
ceiver  ;  and  by  that  means  the  Spring  of  the  Air  having 
nothing  to  counter-a£t  or  confine  it,  will  exert  itfelf, 
and  caufe  the  Air  to  efcape  out  of  the  Bubble,  and  from 
all  Parts  of  the  Water,  in  very  fmall  Globules  rifing 
up  to  the  Top;  whence,  by  the  way,  it  will  appear, 
that  Water  is  a  very  porous  Body,  and  all  its  Inter¬ 
faces  poflefs’d  by  Air,  which  is  now  expanded  into 
vifible  Volumes  or  Globules,  and  feen  to  make  its 
Efcape. 

7.  The  Seventh  Experiment  is  but  a  Part  of  the  for¬ 
mer,  and  Ihews,  that  upon  letting  the  Air  again  into  the 
Receiv/r,  it  falls  on  the  Surface  of  the  Water ,  and  by 
that  means  compreffes  the  whole  Body  of  W iter ,  and  drives 
Part  of  it  into  the  evacuated  Glafs-Bubble^  which  then 
becomes  heavier  than  Water ,  and  finks  to  the  Bottom.  A* 
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haufted  Receiver)  from  a  Bafon  of  Mer* 
eury,  which  then  will  not  rife  in  the  Pipe 

there  is  but  very  little  Air  left  in  the  Bubble,  its  Spring 
will  be  very  weak,  and  fo  will  yield  to  the  Force  of  the 
external  Air  comprefling  the  Water,  and  therefore  will 
give  the  Water  Admittance  till  it  becomes  fo  far  com- 
prefs’d  as  to  have  a  Spring  equal  to  that  of  the  outward 
Air,  or  to  that  which  was  in  the  Bubble  at  firft.  Its 
Denfity  will  then  be  the  fame  alfo  ;  and  its  Bulk,  com-  1 
pared  with  the  whole  Bulk  of  the  Bubble,  will  fhew 
what  Part  of  the  whole  Quantity  of  Air  remained  after 
Exhauftion.  J 

8.  The  Eighth  Experiment  foews,  that  the  fame  Bubble,  11 

placed  with  its  Neck  upon  a  hollow  Glafs  over  a  fmall  Ba~ 

fon ,  under  the  Receiver ,  upon  exhaujling  the  Air  the  fmall  1 

Quantity  of  Air  in  the  Bubble  will  again  expand  itfelf  t  ‘ 

and  drive  out  all  the  Water.  T  he  Preflure  of  the  Air,  ^ 

which  before  kept  the  Water  in  the  Bubble,  being  now  1 

taken  away,  the  Spring  of  the  Air  in  the  Crown  of  the 
Bubble  gradually  exerts  itfelf,  and  at  laft  expels  all  the 
Water.  From  this  Experiment  it  plainly  appears,  * 
that  the  Spring  of  the  Air  is  equal  to  the  Preflure,  be-  1 
caufe  the  Spring  drives  out  all  the  Water  which  the 
Preflure  forced  into  the  Bubble. 

9.  The  Ninth  Experiment  is  the  Expulfon  of  the  Con¬ 

tents  of  an  Egg  through  a  fmall  Hole  in  the  little  End  by 
the  Spring  of  the  Air  contained  in  the  great  End  of  the 
Egg.  While  the  Egg  is  new’  and  good,  there  is  al-  1 

W’ays  a  fmall  Quantity  of  Air  contained  in  the  great 
End  between  the  Shell  and  the  Skin  or  Putamen ,  which, 
upon  taking  off  the  Preflure  of  the  Air  from  the  Hole,  1 
will  expand  itfelf,  and  drive  out  the  White  and  Yolk 
through  the  faid  Hole  in  the  little  End. 

to.  The  Tenth  Experiment Jheivs,  that  when  half  the 
Shell  of  the  Egg  thus  emptied  is  taken  off,  the  faid  Bubble 
of  Air  will ,  upon  Exhaujlion,  fo  expand  itfelf  by  its  Spring 
as  to  raife  up  the  Skin  of  the  Egg ,  and  throw  it  fo  far  ! 
out  as  to  make  the  Refemblance  of  the  entire  Egg.  This 
will  happen  only  when  the  Egg  is  quite  new ;  for  as 
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of  the  Syringe  on  drawing  up  the  Pifton, 
as  it  will  in  the  open  Air. 

the  Egg  grows  ftale,  the  Air  will  lofe  its  Spring  by 
degrees,  and  the  Egg  will  become  putrid  or  addle.  It 
is  obferved  by  Naturalifts,  that  this  included  Bubble  of 
Air  is  abfolutely  necefiary  for  the  Produ&ion  and  Ma¬ 
turation  of  the  Chick,  which  is  effected  by  the  Warmth 
and  Fermentation  occafioned  by  the  conftant  Incubation 
of  the  Hen. 

IX.  The  Eleventh  Experiment  is  to  Jhew  the  great 
Quantity  of  Air  contained  in  all  folid  Bodies.  For  when 
a  Piece  of  Brafs,  Iron,  Stone,  is  put  into  the  Wa¬ 
ter  of  a  Jar  under  the  Receiver,  and  the  Air  drawn 
out,  the  Spring  of  the  Air  contained  in  the  Pores  of 
thole  folid  Bodies,  will,  by  expanding  the  Particles, 
caufe  them  to  appear  on  the  Surface  in  numberlefs  Glo¬ 
bules,  and  exhibit  a  curious  Spectacle  to  the  Eye,  like 
the  pearly  Drops  of  Dew  on  the  Piles  of  Grafs ;  all 
which  fuddenly  difappear  by  letting  the  Air  in  again. 

i  2.  The  Twelfth  Experiment  Jhews ,  that  a  Piece  of 
Cork  with  a  Weight  added  to  it,  to  make  it  jujl  fink  in 
the  Water,  will  be  raifed  to  the  Top ,  or  made  to  fwim ,  by 
exha  lifting  the  Air,  Tor  the  Bubbles  of  Air  which  are 
expanded  from  its  Pores,  and  adhering  to  its  Surface, 
render  it  lighter  than  Water,  in  which  Cafe  it  mult 
necelTarily  rife  to  the  Top,  or  fwim. 

13.  The  Thirteenth  Experiment  Jhews ,  that  Glafs- 
Images  and  Bubbles,  which  fink  in  Water ,  will ,  on 
exhaujling  the  Receiver,  rife  to  the  Top  and Jwim.  For 
the  Bodies  of  thefe  Images,  &c.  being  hollow,  are  fill’d 
fo  far  with  Water  as  to  make  them  juft  fink;  and  the 
reft  of  the  Cavity  being  poflefled  of  Air,  this  Air  will, 
upon  taking  off  the  Preflure  of  the  external  Air,  exert 
its  Spring,  and  drive  out  the  Water  from  the  Images 
and  Bubbles;  they  then  become  lighter  than  the  Wa¬ 
ter,  and  nfe  to  the  Top.  When  the  Air  is  let  in  again, 
the  Water  re-enters  their  Bodies,  and  they  fink  down 
again. 
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The  Spring  of  the  Air  is  demonftrable  i 
by  various  Experiments :  As,  (i.)  By  the 

1 4.  The  Fourteenth  Experiment  Jhexvs,  that  a  Bladder  } 
nearly  emptied  of  Air ,  and  Junk  with  a  IV tight  to  the  Bot-  ; 
tom  of  a  Jar  of  Water,  will ,  upon  Exhaujlion ,  rife  to  ' )! 
the  Fop  andfwim.  The  Reafon  of  which  is,  thatwhen  i 
the  Preffure  of  the  externa]  Air  is  taken  off,  the  Spring 

of  the  little  inclofed  Air  will  dilate  and  expand  the 
Bladder  to  its  full  Bulk  ;  and  then  the  Quantity  of  Wa¬ 
ter  equal  to  its  Bulk  will  be  heavier  than  the  Weight  U 
and  Bladder,  and  fo  will  buoy  them  up  to  the  Top,  |.l 
according  to  the  Laws  of  Hydrofatics ,  which  fee. 

15.  1  he  Fifteenth  Experiment  raifes  Beer  or  Ale  into  I 
a  la'ge  white  Head  or  Froth  to  the  Fop  of  the  Jar.  This  h 
happens  on  account  of  the  great  Tenacity  of  the  Fluid; 
for  when  the  Preffure  of  the  Air  is  taken  off,  the  Air  I] 
in  the  Beer  expands  itfelf  into  large  Globules,  to  which 
the  Particles  of  Beer  adhering  on  every  Side  render  | 
them  too  heavy  to  rife  from  the  Surface,  and  fly  away 
in  the  Air.  1  he  Bubbles  of  Air  being  thus  railed  are, 
as  it  were,  conglutinated  or  ftuck  together  by  the  ad- 
hefive  Quality  of  the  Liquor  ;  and  thus  rife  in  great  I 
Quantities,  the  upper  Part  being  raifed  and  fuftain’d  by 
the  Expanflon  of  that  below.  When  the  Air  is  let  in, 
the  Air-Bubbles  contra#,  fubfide,  and  retire  within  the 
Pores  of  the  Fluid.  In  the  fame  Manner  Soap-Water, 
Yeaft,  &c.  will  rife  in  a  Head. 

16.  The  Sixteenth  Experiment  A  exhibiting  the  Phes- 
nomena  if  Boiling  Water  in  the  exhaujled  Receiver.  To  1 
this  End  the  Water  muff  be  as  hot  as  the  Finger  can  I 
well  bear  when  put  under  the  Receiver.  Upon  exhauft- 
ing,  the  Air- Bubbles  will  be  feen  to  rife  very  foon, 
and  at  firft  very  fmall ;  they  foon  appear  bigger,  and  at  ■ 
laft  are  fo  large,  and  rife  with  fuch  Rapidity,  as  greatly  1 
to  agitate  the  Water,  and  caufe  it  to  appear  in  all  the 
Circumftances  of  Boiling  ;  which  Agitation  of  the  Wa¬ 
ter  will  continue  till  the  Air  be  let  in  again,  and  then 

it  will  ceafe,  and  all  will  be  quiet  and  ffill  as  at  firfL 
Some  People  imagine  the  Water  grows  hotter  by  bon- 
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great  Expanfion  of  a  fmall  Quantity  of 
Air  in  an  emptied  Bladder,  when  the  Air 

ing  under  the  Receiver,  as  it  does  over  the  Fire ;  not 
confidering  that  Water  boils  only  by  the  great  Expanfion 
and  Rarefaction  of  the  Air  it  contains,  from  whatever 
Caufe  it  proceeds,  as  from  the  Heat  of  Fire,  from  tak¬ 
ing  off  the  Preflure  of  the  Atmofphere  by  the  Air- 
Pump,  &c. 

17.  The  Seventeenth  Experiment  Jhews,  that  ajhrivei’d 
Apple  will  be  plump'd  out ,  and  made  to  look  fair ,  unaer 
the  exhausted  Receiver.  The  Reafon  of  which  is  the 
Expanfion  of  the  Air  in  the  Subftance  of  the  Appie, 
when  the  Preflure  is  taken  oft  from  its  Surface ;  for 
though  fome  Parts  of  the  Skin  be  pervious  to  the  in¬ 
cluded  Air,  (as  appears  by  the  little  Streams  rifing  from 
the  Pores  of  the  Apple  placed  in  Water)  yet  the 
greateft  Part  of  the  Surface  is  not,  and  will  not  there¬ 
fore  fufFer  the  Air  to  pafs  out,  but  will  yield  and  ex¬ 
pand  to  its  utmoft  Dimenfions,  (and  fometimes  burft)  on 
which  all  the  Wrinkles  difappear,  and  the  Apple  puts 
on  a  youthful  Face,  till  the  Air  be  again  let  in,  when 
it  inflantly  returns  to  its  former  State  of  Decay  and 
fhrivel’d  Countenance, 

18.  The  Eighteenth  Experiment  exhibits  the  beautiful 
Appearance  of  Air  rifing  from  all  Parts  of  a  v.gctab'e 
Subfaoce  Very  copioufy  through  the  11  aterin  l  acuo.  For 
when  the  Preflure  of  the  incumbent  Air  is  taken  off, 
the  Spring  of  the  Air  contain’d  in  the  Air-Veflels  of 
Plants,  will,  by  expanding  the  Particles,  caufe  them 
to  rife  from  the  Orifices  of  all  the  Vefiels,  and  that 
for  a  long  time  together,  by  which  is  fhewn  what  a 
great  Quantity  of  Air  is  contain  d  in  all  vegetable 
Subftances ;  and  Alice  it  is  feen  to  come  out  of  the 
Sides  or  all  over  the  Surface  of  a  Piece  of  Stick,  as 
well  as  from  its  tranfverfe  Sections,  it  is  a  convincing 
Proof  that  the  Texture  of  the  Stems  of  Plants  and 
Trees  confift  of  Veflelsin  a  longitudinal  and  alfo  in  an 
horizontal  Pofition. 
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is  taken  off  from  the  external  Parts  in  the 
Receiver.  (2.)  By  the  Extrufion  of  a  Fluid 

1 9.  The  Nineteenth  Experiment  Jhews  the  Method  if 
injefling  a  vegetable  Subjlance  ivith  ^uiclfilver .  Thus  if  : 
a  Piece  of  Stick  be  Out  even  at  each  End  with  a  Pen-  ' 
knife,  and  immerfed  in  Mercury,  upon  pumping  out 
the  Air  from  the  Receiver  it  will  at  the  fame  time  come  ; 
out  of  the  Pores  of  the  Wood  through  the  Mercury, 

as  will  be  vifible  at  each  End.  When  the  Air  is  let  : 
in  again,  it  falls  on  the  Surface  of  the  Mercury,  and 
forces  it  into  the  Pores  of  the  Wood  to  poffefs  the  Place 
of  Air.  When  the  Wood  is  taken  out  and  weigh’d,  ' 
it  will  be  found  feveral  times  heavier  than  before;  « 
it  will  have  changed  its  Colour,  being  now  of  a  blueifh 
Hue  all  over  ;  and  if  fplit  or  cut  tranfverfely,  the  Quick*-  1 
filver  will  be  feen  glittering  in  all  its  Pores,  and  through 

every  Part.  t  i  ! 

20.  The  T wentieth  Experiment  is  the  breaking  of  a  f 
Bladder  by  the  Weight  of  the  Air.  For  if  the  Bladder 
be  tied  over  one  End  of  an  open  Receiver,  as  the  Air  is 
exhaufting  the  Spring  will  t*e  weaken’d,  and  give  way  to  * 
the  P  refill  re  of  the  Air  on  the  Bladder,  in  which  Cafe 
the  Bladder  will  put  on  a  concave  Figure,  which  will  r 
be  nicely  fpherical ;  and  this  will  continue  increafing,  • 
till  the  Strength  of  the  Bladder  be  overcome  by  the 
PrefTure,  when  it  will  break  with  a  very  great  Report. 

21.  The  Twenty-firfi  Experiment  is  the  breaking  a 
Glafs- Bottle  by  the  Prejfure  of  the  Air.  For  this  Purpofe  [ 
the  Bottle  ought  to  be  of  a  fquare  Form,  and  not  cy-  " 
lindrical  or  globular ;  it  flrould  alfo  be  not  very  thick, 
if  fmall.  Then  the  Bottle  is  fcrew’d  on  to  the  Hole 
in  the  Plate  of  the  Pump,  and  the  Air  drawn  out ;  by  \ 
this  means  the  Bottle  fuftains  the  PrefTure  from  without. 

To  long  as  its  Strength  will  permit;  then  the  Parts  1 
yield,  and  the  Bottle  is  inftantly  reduced  into  very  fmall 
Pieces. 

2  2.  The  Twenty-fecond  Experiment  breaks  a  Bottle  by  1 
the  Spring  of  the  Air.  For  the  Mouth  of  the  Bottle  be¬ 
ing  fecurely  feal’d  up,  fo  that  no  Air  from  within  can 
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out  of  a  Glafs  Bubble,  by  the  Expanfion 
of  the  Bubble  of  Air  contain'd  therein. 

cfcape,  it  is  put  under  the  Receiver ;  and  as  the  Air  is 
drawn  off  from  its  Surface,  the  Spring  of  the  Air  in¬ 
cluded  will  take  place,  and  a£t  more  and  more  forcibly 
againft  the  Sides  of  the  Glafs,  which  having  now  no¬ 
thing  but  its  own  Strength  to  defend  it,  as  foon  as  that 
is  overcome  the  Parts  give  way,  and  the  Glafs  is  burft 
in  Pieces. 

23.  The  Twenty-Third  Experiment  is  to  Jhew ,  that  a 
Bladder  being  emptied  of  its  Air ,  all  to  a  very  little ,  and 
then  fufpended  in  the  Receiver ,  the  little  Portion  of  Air 
will  expand  itfelf  in  fuch  manner  upon  Exhaujlion ,  that  at 
lafl  it  will  dtftend  and  fill  out  the  Bladder  to  its  utmojl 
Bulky  and  make  it  appear  as  one  full-blown.  The  Rea- 
fon  of  which  is  apparent  from  what  has  been  fo  often 
repeated  above ;  as  alfo,  of  its  contracting  again  when 
the  Air  is  let  in. 

24.  The  Twenty  fourth  Experiment  Jhews,  that  the 
Syringe  will  defend  from  the  Ju; pended  Pifton  in  Vacuo, 
when  the  Hole  at  Bottom  is  flopped,  and  a  ftnall  Weight 
added  to  overcome  the  Friftion.  If  the  Hole  be  flopped 
in  the  open  Air,  and  the  Pifton  drawn  up,  it  will  be 
refilled  by  the  Preffure  of  the  incumbent  Column  of 
Air;  but  in  Vacuo ,  where  this  Air  is  taken  away,  the 
Pifton  may  freely  rife ;  or,  which  is  all  one,  the  Sy¬ 
ringe  may  defcend ;  as  it  will,  if  a  fmall  Weight  be 
added  to  overcome  the  Fridion  of  the  Pifton.  When 
the  Air  is  let  in  again,  it  will  be  feen  to  pulh  up  the 
Syringe  upon  the  Pifton  again. 

25.  The  Twenty-fifth  Experiment  Jhews,  that  Water 
rifles  in  Pumps ,  and  flhiick fiver  in  the  Barometer ,  by  the 
Preflfui  e  of  the  Air  only.  For  a  Glafs  T  ube  being  fcrew’d 
on  to  the  above-mentioned  Syringe,  and  immerfed  in 
the  Mercury  in  the  open  Air,  if  the  Pifton  be  then 
lifted  up,  it  will  attenuate  the  Air  contained  in  the  Glafs 
Tube,  by  giving  it  a  greater  Space  to  expand  in,  and 
by  this  means  lelfen  its  Spring-  The  Preffure  then  of 
the  external  Air  will  raife  fo  much  Mercury  into  the 
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(3.)  By  the  Expulfion  of  the  White  and 

Yolk  of  an  Egg  through  a  fmall  Hole  in 

■  >  ■  ^  & 

Tube,  as  its  Weight  added  to  that  of  the  Spring  of  the 
included  Air  is  an  equipollent  Force,  and  then  an  Equi¬ 
librium  will  enfue  :  But  if  the  Mercury  be  placed  un-  ' 
der  the  exhaufted  Receiver,  and  the  Pifton  lifted  up,  no  \ 
Mercury  will  then  be  feen  to  rife ;  which  plainly  thews  ' 

the  Caufe,  viz,  the  Air’s  Preflure  is  in  that  Cafe  taken  ■ 

'  .  is 

away.  .  , 

26.  The  Twenty-fixth  Experiment  /hews,  that  the  ■■ 
Spring  of  the  Air  has  a  Force  equal  to  the  Prejfure  of  the  1 
Air,  by  raifing  the  ghfckfilver  to  the  fame  Height.  For  ■'> 
if  a  Tube  open  at  both  Ends  be  cemented  into  a  Glafs 
Vial,  nearly  fill’d  with  Quickfilver,  and  placed  under  » 
the  exhaufted  Receiver,  as  the  Air  is  gradually  exhaufted 
you  will  fee  the  Mercury  rife  from  the  Vial  into  the  .  0 
Tube  above  the  Pump,  by  the  Spring  of  the  included  J 
Air,  to  the  fame  Height  as  it  is  in  the  Gage-Tube  be-  ’ 
low  by  the  Preflure,  and  that  during  the  whole  Time 
of  the  Exhauftion.  And  this  will  always  happen,  let  11 
the  Quantity  of  Air  in  the  Vial  be  ever  fo  fmall,  or  lj 
what  it  will ;  the  Phaenomenon  depending  not  upon  the  1 
Quantity,  but  the  Strength  of  the  Spring. 

27.  The  Twenty-feventh  Experiment  /hews  the  Me-  * 
thod  of  making  an  artificial  Fountain  in  Vacuo,  by  the 
Air's  Prejfure.  For  this  Purpofe  a  very  tall  Glafs  Tube  1 
is  hermetically  clofed  on  the  Top,  and  at  Bottom  by 
means  of  a  Brafs  Cap  fcrew’d  on  to  a  Stop-Cock,  and 
that  to  the  Plate  of  the  Pump;  then,  when  all  the  < 
Air  is  exhaufted,  the  Cock  is  turned,  and  taken  off  the 
Plate,  and  immerfed  in  Mercury  or  Water;  Then, 
upon  turning  the  Cock  again,  the  Fluid  by  the  Preflure 
of  the  Air  will  be  feen  very  beautifully  to  play  up  in 
the  Tube  in  the  Form  of  a  Fountain. 

28.  The  Twenty- Eighth  Experiment  /hews,  that  the 
Magnetic  Virtue  from  the  Stone ,  or  a  touch'd  Piece  of 
Iron,  affects  the  Needle  in  Vacuo,  in  the  fame  manner  as  ' 
in  open  Air. 

the 
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the  little  End,  by  the  Expanfion  of  the 
Air  contained  in  the  great  End  j  and  alfo, 

29.  The  Twenty-ninth  Experiment  /hews,  that  the  At - 
traction  of  Cohefton  is  the  fame  in  Vacuo  as  in  the  cpin 
Air.  For  this  Purpofe  a  large  Glafs  Tube,  drawn  out 
into  a  very  fine  Capillary  at  Top,  when  filled  with  Wa¬ 
ter  will  fuftain  it  to  a  certain  Height  in  the  Air:  If 
the  fame  be  placed  under  the  Receiver,  and  the  Air 
drawn  out,  the  Water  will  remain  fufpended  as  before; 
which  fhews  it  to  be  wholly  owing  to  the  Force  of 
Attraftion. 

30.  The  Thirtieth  Experiment  /hews,  that  Bodies , 
which  equilibrate  each  other  in  the  Air,  lofe  their  Equili¬ 
brium  in  Vacuo.  Thus  if  a  Piece  of  Lead  at  one  End 
of  a  fine  Balance,  and  a  Piece  of  Cork  at  the  other, 
are  in  Equilibria  in  the  Air,  and  thus  placed  under  the 
Receiver,  as  foon  its  the  Air  begins  to  be  exhaufted,  fo 
foon  the  Equilibrium  will  begin  to  be  deftroy’d,  till 
at  laft,  when  all  the  Air  is  taken  away,  the  Cork  will 
defcend,  and  fhew  itfelf  really  heavier  than  the  Lead. 
The  Reafon  of  which  is  evident  from  Hydroflatic 
Laws ;  for  both  Bodies  being  weigh’d  in  Air,  each 
would  lofe  the  Weight  of  an  equal  Bulk  of  Air,  confe- 
quently  the  Cork  will  lofe  a  greater  Weight  than  the  Lead 
in  the  Air;  and  therefore  when  the  Air  is  taken  away, 
the  Weight  that  is  reftored  to  it  being  greater  than  what 
the  Lead  has  retrieved,  will  caufe  it  to  preponderate, 
or  weigh  down  the  Lead  in  Vacuo.  And  hence  we  fee 
that  a  Pound  of  Feathers  is  really  heavier  than  a  Pound 
of  Lead,  if  weigh’d  in  the  Air. 

31.  The  Tbirty-Fir/l  Experiment  Jhews  the  Air  to  be 
the  Med\um' of  Sounds.  For  if  a  Bell  be  fcrew’d  on  to 
the  Air-Pump,  it  will  ring  in  the  Air,  and  be  heard 
under  a  thin  Receiver  :  But  when  the  Air  is  exhaufted, 
the  Sound  is  not  heard,  which  plainly  proves  it  to  be 
propagated  by  means  of  the  Air;  and  this  is  farther 
evinced  by  letting  the  Air  gradually  into  the  Receiver, 
becaufe  if,  in  the  mean  time,  you  keep  leaking  the  Bell, 

M  j  (4.)  By 
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(4.)  By  railing  up  the  Skin  of  the  Egg 
(after  the  Yolk  is  taken  away,  and  one  half 

the  Sound  will  increafe  in  Proportion  as  the  Glafs  is 
fill’d  with  Air. 

32.  The  Thirty-fecond  Experiment  Jhews,  that  the 
Air  is  ncccjfary  for  the  Exijience  of  Fire  and  Flame. 
Thus  if  Charcoal  thoroughly  lighted,  and  a  Candle 
burning,  be  placed  under  the  Receiver,  as  the  Air  is 
exhaufted  the  Coals  will  begin  to  decline  and  die  away, 
and  the  Candle  will  go  out  by  Degrees. 

33.  The  Thirty-third  Experiment  Jhews  the  Rife  of 
Vapours  and  Smoke  to  be  owing  to  the  Air  ;  becaufe  when 
the  Air  is  taken  away,  the  Vapours,  which  at  firft  rife 
very  plentifully  from  the  wet  Leathers  of  the  Plate  fa 
as  to  obfcure  the  Receiver,  begin  to  fall  when  the  Air 
becomes  greatly  attenuated ;  and  the  Smoke,  which  at 
firft  rofe  from  the  Candle  extindf,  now  begins  to  de- 
fcend  ;  and  when  the  Air  is  all  exhaufted,  the  Receiver 
becomes  quite  clear,  and  free  from  all  Appearance  of 
Smoke  or  Vapour.  Hence,  by  the  way,  we  fee  the 
Reafon  why,  when  the  Air  grows  lighter,  it  lets  fall 
the  Vapours,  and  the  Weather  becomes  mifty,  hazy, 
and  wet  or  rainy. 

34.  The  Thirty-fourth  Experiment  Jhews  tloe  Explofion 
cf  Gunpowder  is  owing  to  the  Air.  For  if  it  be  kindled 
in  Vacuo ,  the  Air,  that  fo  fuddenly  expands  itfelf  front 
the  Powder,  and  gives  fuch  a  Shock  to  the  common 
Air,  now  finds  none  to  encounter,  and  fo  makes  no 
fenfible  Appearance,  otherwife  than  by  the  finking  of 
the  Mercury  a  little  in  the  Gage  by  its  Spring. 

35.  The  Thirty-fifth  Experiment  ftocws  how  Halo's 
are  produced  by  refracted  Light.  Thus  if  a  Candle  be 
held  on  one  Side  of  the  Receiver,  and  the  Eye  placed 
at  fome  Diftance  on  the  other,  as  foon  as  the  Air  be¬ 
gins  to  be  exhaufted,  and  becomes  attenuated  and  re- 
pleted  with  Vapours  to  a  proper  Degree,  the  Light  of 
the  Candle  will  be  refra&ed  through  that  Medium  in 
Circles  of  various  Colours,  very  much  refembling  thofe 
feen  about  the  Moon  in  a  hazy  Air  at  Night. 


Pneumatics.  i 

of  the  Shell)  by  the  Expansion  of  the  faid 
included  Bubble  of  Air,  fo  as  almoft  to  fill 

36.  The  Thirty- fixtb  Experiment  Jhews  how  the  Lungs 
of  an  Animal  are  affefied  in  Vacuo  ;  in  what  Manner  it 
dies,  and  is  revived  again.  For  this  Purpofe  a  fmall 
Bladder  is  tied  to  a  Pipe,  and  lcrew’d  into  a  Bottle, 
which  then  reprefents  the  Lungs  in  the  Thorax.  This 
Pipe  is  perforated  quite  through  to  the  Bladder,  and 
js  therefore  analogous  to  the  Trachea  or  Wind-pipe. 

The  Air  confin’d  in  the  Bottle  about  the  Bladder  is  in 
the  fame  Circumdances  with  that  in  the  Bread  about 
the  Lu®gs.  When  this  Apparatus  is  placed  under  the 
Receiver,  one  or  two  Exfu&ions  will  attenuate  the  Air 
in  the  Receiver  and  Bladder,  upon  which  the  Spring 
of  included  Air  in  the  Bottle  will  comprefs  the  Bladder, 
as  that  in  the  Thorax  does  the  Lungs;  and  a  few  more 
Turns  will  caufe  the  Bladder  to  be  comprefs’d  to¬ 
gether.  The  Lungs  being  thus  comprefs’d,  the  Animal 
is  fenfible  of  a  prodigious  Weight,  the  Circulation  of 
the  Blood  through  the  Lungs  is  dopped,  the  Creature 
js  all  over  convulfed,  and  at  lad  expires  in  the  greated 
Agonies  of  a  mod  cruel  Death.  When  the  Air  is  let 
in&  again,  the  Bladder  gradually  expands,  as  do  the 
Lungs  of  the  Animal ;  and  if  it  has  not  lain  too  long, 
the  Blood  will  again  pafs  through  them,  and  the  Ani- 
jnal  will  recover  its  fufpended  Life. 

37.  The  Thirty-feventh  Experiment  Jheuis  Air  to  be 
abfolutely  necejfary  to  mojl  Sorts  of  Animals.  This  we  do 
by  exhauding  the  Air  from  a  Cat,  a  Rat,  a  Moufe,  a 
Bird,  &c.  which  foon  die  in  the  Manser  above  defcribed. 

It  is  not  always,  indeed,  that  Gentlemen  can  thus  dif¬ 
fer  their  Curiofity  to  get  the  Afcendant  fo  far  over  their 
Humanity,  as  to  defire  fo  {hocking  a  Spedlacle.  The 
Ladies  (greatly  to  their  Honour)  fhew  more  Confide- 
ration,  in  generally  voting  againd  it- 

38. ’  The  Thirty-eight1)  Experiment  Jhews  Air ■  is  not 
abfolutely  necejjary  to  the  Life  of  Jotne  Animals  :  For  it  is 
well  known  that  pumping  the  Air  from  a  I  oad,  an  Eel, 
a  Viper,  a,nd  all  Sorts  of  Infers,  feems  not  ixnmedi- 
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the  Half-Shell.  (5.)  Glafs  Bubbles  and 
Images  fill’d  with  Water,  fo  a 5  to  make 

ately  to  affect  them.  Tndeed,  the  winged  Infe£l$cannot  ; 
fly,  but  they  will  crawl  and  run  about  very  brifkly.  Some 
fay  Fifh  will  die  for  want  of  Air;  I  confefs  I  never  1 
could  kill  any.  They  appear  greatly  difturb’d,  fwoln,  - 
and  fickifh  at  firft  ;  but  Mr.  Hawkesby  fays  he  has  kept 
them  a  Week  in  Vacuo ,  and  they  recover’d  their  firft  j 
Illnefs,  and  were  at  the  Week’s  End  as  lively  and  alert 
as  thofe  which  had  be£n  kept  as  long  in  the  Air.  'i 

39.  The  Thirty-Ninth  Experiment  Jhews  no  JVinged  :s 

Animal  ran  fly  without  Air.  For  this  Purpofe  a  large  £ 

Butter  fly  is  a  proper  Subjeft,  for  as  foon  as  it  is  put  J 

under  the  Glafs  it  will  fly  and  flutter  about,  but  when  ■ 

the  Air  is  taken  away,  nothing  more  of  that  kind  is  j.  a 
feen.  If  a  fine  Silk  be  tied  about  one  of  the  Horns  of  ! 

this  Animal,  and  it  be  thus  fufpended  in  the  M;ddle  of  i 

the  Receiver,  it  will  at  firft  fiy  towards  every  Side  of 
the  Glafs,  but  when  the  Air  is  exhaufted,  it  cannot  get  » 
out  of  the  perpendicular  Pofition  into  which  it  is  brought 

by  its  Gravity,  though  it  will  be  conftantly  endeavour-  « 
ing  to  do  it. 

40.  The  Fortieth  Experiment  is  that  of  Adujl  or  Burnt.  11 
Air ;  this  Air  is  brought  into  the  Receiver  through  the 
Fire;  and  if  aCandle  be  put  down  into  it,  it  inftantly  goes 
out,  and  will  do  fo  for  many  times  together;  but  every 
time  the  Candle  burns  longer  than  before;  which  feems 

to  fhew,  that  this  Air  is  fomewhat  of  the  fame  Nature 
with  that  in  Mines,  commonly  call’d  Damps ,  and  is,  J 
like  that,  purified  again  by  Fire.  '  ' 

41.  The  Forty  A rjl  Experiment  Jhews  that.  Adujl  Air 
is  infant  Death  to  moji  Sorts  of  Animals.  Thus  a  Spar¬ 
row  put  into  this  Air  tumbles  down  with  a  kind  of  : 
Vertigo,  is  convulfed,  and  dies  diredlly  ;  much  after 
the  fame  Manner  as  Men  fall  down  dead  in  the  conta¬ 
minated  Air  of  Mines,  deep  Wells,  &c. 

4 z.  The  Forty-  fesond  Experiment  Jhews  that  all  Bodies 
dcfcmd  equally  fwift  in  Vacuo.  T  hus  a  Guinea  and 
F  eather  let  fall  from  the  Top  of  a  tall  exhaufted  Re- 

them 
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them  juft  fink  in  Water,  will,  upon  ex- 
hauftiiig  the  Air  from  the  Surface,  rife  to 

ceiver,  come  down  to  the  Bottom  in  the  fame  time,  or 
both  together.  But  when  let  fall  from  thence  in  the 
Air,  the  Feather  will  defcend  much  flower  than  the 
Guinea,  and  with  an  oblique  or  indirect  Motion. 

43.  The  Forty- third  Experiment  Jhews  all  Fermen¬ 
tation  and  Putrefaftion  depend  on  Air.  Thus  Apples, 
Pears,  Plums,  Cherries,  (Ac.  which  in  the  Air  foon 
grow  mellow,  putrid,  and  rotten,  will,  if  kept  in  an 
exhaufted  Receiver,  placed  under  Water,  be  preferv’d 
a  long  time  untainted,  appear  frefh  and  in  their  native 
Bloom.  Thus  Eggs  alfo,  which  in  the  Air  foon  grow 
ftale,  putrid,  and  addle,  will  in  Vacuo  retain  their  Good- 
nefs,  and  be  fit  for  ufe  after  a  great  while.  Which  is 
the  Realon  why  many  People  keep  them  in  Pots  of 
Butter,  Lard,  (Ac.  to  preferve  them  from  the  Air. 

44.  The  Forty-Four tb  Experiment  Jhews  hozu  necejfary 
Air  is  for  the  Germination  and  Growth  of  Plants  and  Ve¬ 
getables.  For  if  the  fame  Seed  be  planted  in  two  diffe¬ 
rent  Pots  of  Earth  at  the  fame  time,  and  one  of  them 
l?e  kept  in  an  exhaufted  Receiver,  the  Difference  be¬ 
tween  the  Appearance  and  Growth  of  each  will  be  fuf- 
ficiently  fenfible  to  any  that  fhall  try  the  Experiment. 

4,-.  The  Forty- Fifth  Experiment  Jhews,  that  the  IV sit¬ 
ing  made  with  Phofpborus  upon  Paper ,  laid  on  the  Plate  of 
the  Pump,  will  in  Vacuo  appear  luminous ,  and  not  be 
extingufth’d  like  common  Fire.  It  will  alfo  fend  up 
lucid  Fumes  or  Clouds  to  the  Top  of  the  Receiver. 

46.  If  the  Paper  be  wetted  by  Patches,  on  which  the 
Lines  have  been  drawn  with  Phfphorus,  infead  of  a 
Cloud  it  will  give  Flajhes  in  Vacuo.  For  thefe  Experi¬ 
ments  with  Phofphorus  the  Room  fitould  be  made  very 
dark. 

47.  The  Forty-Seventh  Experiment  Jhews ,  that  upon 
fame  Chemical  Mixtures  a  Jr  eng  Effervefcency ,  Ebulition , 
and  Accenfon  will  happen  in  Vacuo.  I  bus,  if  to  an  equal 
(butfmall)  Quantity  of  Vitriol,  Oil  of  Tartar  per  Dc- 
liquium ,  and  Oil  of  Cloves,  you  put  two  or  three  fmalj 
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the  Top  of  the  Veffel.  (6.)  Alfo  a 
Bladder  fill’d  with  Air,  and  juft  made  to 

Pieces  of  Phofphorus,  the  Mixture  will  take  Fire  in 
the  open  Air,  and  is  put  out  by  the  Addition  of  a  little  ^ 
Water.  It  will  not  only  fhine,  but  boil  up  into  a  , 

Flame  in  Vacuo.  .  i 

48.  Melted  Lead,  and  other  Metals,  fet  to  cool  in  V a-  :• 

cuo,  have  their  Surfaces  concave ;  whereas  they  are  con-.  t, 
vex  in  the  open  Air.  The  Reafon  of  which  is  the  fame  , 
as  of  the  Expanfion  of  Water  when  it  congeals  into  „ 
Ice.  Thus  Ice  becomes  fpecifically  lighter  than  Wa-  \ 
ter,  and  fwims  in  it ;  as  any  folid  Metal  is  fpecifically  j 
lighter  than  when  melted  :  Thus  a  leaden  Bullet  fwims  j 
in  melted  Lead.  What  Agent  Nature  employs  in  the  ;  f 
Affair  of  Congelation,  is  perhaps  as  yet  unknown  to  1 
Mortals ;  but  whatever  it  be,  *tis  certain  that  one  Part  j 
of  its  Operation  is  to  fever  the  Particles,  and  fix  them  j 
at  a  greater  Diftance  from  e$ch  other  in  the  fixed,  than  | 
they  are  in  the  fluid  State.  _  .  <  14 

49.  The  Chemical  Procefs  of  Cryjlallization  will  not  , 
fuccced  in  Vacuo.  If  Salts  be  mixed  with  Water  and  , 
evaporated  to  a  Pellicle,  and  then  placed  under  an  ex-  ^ 
haufted  Receiver,  and  fet  in  a  cool  Place  as  ufual,  it  j 
will  not  fhoot  into  Cryftals,  as  in  the  open  Aii  it  rea-.  t 

dily  will.  '  3 

50.  The  Fiftieth  Experiment  fhews,  that  if  a  Piece  , 
of  Wood  be  cemented  in  the  lower  Part  of  the  Neck  of  . 
the  open  Receiver,  and  Mercury  be  poured  upon  it,  af-  ] 
ter  two  or  three  Exhauftions  the  Preffure  of  the  Air 
will  be  fo  great  on  the  Mercury,  as  to  caufe  it  to  de-  j 
feend  through  the  Pores  of  the  Wood  in  Form  of  a  [ 
beautiful  Shower ;  which  will  fhine  (if  it  be  well  ( 
cleanfed  and  the  Weather  dry)  in  a  dark  Room.  The  , 
Air  alfo  will  follow  the  Quickfilver  through  the  Pores 
of  the  WF>od,  and  caufe  the  Gage  to  fink. 

51.  To  thefe  Experiments  of  a  Vacuum ,  I  fhall  add 
the  following  Particulars  relating  to  the  Condensation  ) 
of  Air:  As,  (i.)  That  the  VefTel  ought  to  be  very 
ifrong  to  bear  the  Force  of  the  Air’s  Spring  thus  in-  , 

fink  . 
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fink  with  q.  Weight,  will,  upon  Exhauftion, 
foon  rife  by  the  E^panfion  of  the  contain’d 

creafed  ;  for  which  Reafon  they  are  generally  made  of 
Brafs.  (2.)  If  Glafs  be  ufed  for  a  Condenfer,  it  will 
pot  indeed  fuffer  fo  great  a  Degree  of  Condenfation, 
but  the  Experiment  will  be  pleafanter,  by  viewing  the 
Subject  placed  in  the  condenfed  Air.  (3.)  The  Spring 
of  the  Air  will  be  greater  in  proportion  to  its  Condenfa¬ 
tion,  and  therefore  (4.)  The  Sound  of  the  Bell  will  be 
twice  and  thrice  as  loud  as  in  the  common  Air,  if  the 
Air  be  made  twice  or  thrice  as  denfe  by  Injedtion.  (5;.) 
A  round  Vial  will  be  broke  by  condenfed  Air,  that  could 
pot  be  broke  by  thePreffure  of  the  common  Air.  (6.) 
Though  Animals  foon  die  by  not  having  the  natural 
requifite  Quantity  of  Air,  yet  they  will  not  be  eafily 
kill’d  by  having  that  Quantity  increafed  by  Condenfa¬ 
tion.  (7.)  If  Air  be  condenfed  upon  Water  in  a  Bottle, 
it  will  caufe  it  to  fpout  through  the  Tube  of  Commu- 
;  pication  to  a  very  great  Height,  viz.  to  30  Feet,  if 
only  one  Atmofphere  be  injected  to  60  Feet,  if  two  ; 
and  fo  on.  (8.)  A  Bladder,  that  will  fuftain  the  Spring 
of  common  Air,  will  be  broke  by  the  Spring  of  con¬ 
denfed  Air.  In  fhort,  the  Force  of  condenfed  Air 
pray  be  fo  far  increafed,  as  to  countervail  or  antagonife  the 
greateft  Power  of  Nature  that  we  can  apply.  (9.)  Wa¬ 
ter  with  Air  condenfed  upon  it  will  conceive  a  much 
greater  Degree  of  Heat  than  in  the  common  Air, 
where  it  will  boil  much  l'ooner  than  in  condenfed  Air. 
(10.)  So  great  may  the  Degree  of  Heat  acquired  in 
Water  this  Way  be,  as  to  melt  foft  Solder;  and 
therefore  Veffels  fhould  have  their  Parts  put  together 
with  hard  Solder,  that  are  ufed  about  thefe  Expcri- 
;  merits. 

52.  From  this  vaft  Power  of  confined  and  elafiic 
Air  and  Steam  it  is  that  we  account  fi  r  the  prodigious 
:  Effects  of  Papins  Digester  in  diflolving  Bones  and 
reducing  them  to  a  Jelly,  fo  as  to  become  a  wholfome 
and  favoury  Diet;  for  which  Purpofe  they  are  put  into 
i  a  metalline  Veffel,  with  a  Cover,  which  is  faff  and 

Air* 
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Air.  (7.)  The  Spring  of  the  Air  will  fhew 
itfelf  alio  by  railing  heavy  Weights  laid 
on  a  Bladder,  half  fill’d  with  Air,  in  a 
proper  Vefiel  under  the  Receiver.  (8.) 
Beer,  Cyder,  Water,  and  porous  Bodies,  , 
do  emit  great  Quantities  of  Air  under  the  t 
exhaufted  Receiver.  (9.)  Fifhes  are  made 
fo  light  or  buoyant  by  increafing  the  Spring  , 
of  the  Air  in  their  Bladders,  upon  Ex- 
haultion,  that  they  rife  to  the  Top  of  the  , 
Water,  and  cannot  again  defcend  to  the  j 
Bottom.  (10.)  Shrivel’d  Apples  are  made  ( 
to  look  fair  and  fmooth  by  the  Spring  of  j 
the  contain’d  Air  filling  out  the  Wrinkles. 

( 1 1 .)  The  Spring  of  the  Air  in  a  fquare  . 
Bottle,  cemented  clofe,  will  immediately  . 
burft  it  in  Pieces,  upon  exhaufting  the  in¬ 
cumbent  Air.  (12.)  But  that  curious  Ex-  i 
periment  which  fliews  the  Force  of  the 
Spring  of  the  Air  to  be  equal  to  its  Weight 


ftrongly  fcrew’d  down,  and  Air-tight.  The  Digeftpr 
nearly  fill’d  with  Water  and  Bones  is  fet  over  a  gentle  1 
Fire,  which  by  Degiees  rarefies  the  Water  into  Steam,  , 
which  with  the  included  Air  in  a  {hart  Space  of  Time 
acts  upon  the  Bones  with  fo  great  an  Energy,  as  to 
effedt  their  utter  Diflblution,  and  caufe  them  to  mix  ; 
and  incorporate  fo  intimately  with  the  Water,  or  Broth, 
as  to  make  a  perfect  Coagulum  or  Jelly  when  all  is 
cold,  which  may  be  then  fliced  out  with  a  Knife.  They  1 
who  would  fee  more  of  the  wonderful  EfFedts  of  this 
Inlirumenr  may  confult  the  Author’s  own  Book  upon 
the  Subject. 


or 
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or  Prelfure,  is  by  raifing  the  Mercury,  by 
the  Expanlion  of  a  fmall  Quantity  of  con¬ 
fined  Air,  to  the  fame  Height  in  an  .ex- 
!  haufted  Tube  above  the  Pump,  as  that 
which  it  is  raifed  to  in  the  Mercurial  Gage 
by  the  Preflure  of  tire  Atmofphere  be¬ 
low  it. 

The  great  Action  of  animal  Life,  viz. 
Breathing  by  lnfpiration  and  Expiration  of 
Air,  is  owing  to  the  Preffure  and  Spring  of 
the  Air  conjointly,  as  is  evident  by  the 
Contraction  and  Expanjion  of  a  Bladder  in  a 
fmall  Receiver,  with  a  Bladder  tied  on  at 
Bottom  to  reprefent  the  Diaphragm. 

Hence  the  Necefilty  of  Air  for  Refpira - 
tion  and  animal  Life  in  moll  Sorts  of  Crea¬ 
tures,  which  die  very  foon  in  the  exhaufled 
Receiver :  Though  fome  Animals  will  not 
be  kill’d  in  this  manner  j  as  Flies t  Frogs , 
Toads ,  fome  fort  of  Fifhes ,  &c. 

That  Air  palling  through  the  Fire,  and 
heated  Brafs  Tube,  is  unfit  for  animal 
Refpiration,  is  fhewn  by  the  fudden  Death 
of  any  Animal  put  into  a  Receiver  fill’d 
therewith.  Alfo  Candles  and  living  Coals, 
put  into  this  adult  Air,  immediately  go 
out.  Hence  the  noxious  and  peftilential 
Qualities  of  Damps  and  fuffbeating  Exhala¬ 
tions ,  fo  frequent  and  fatally  experienced 
in  Mines,  and  other  fubterranean  Places. 

That 
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That  Air  in  its  natural  State  is  neceffa- 
ry  for  Fire  and  Flame ,  is  obvious  from  the 
fudden  Extinction  of  a  Candle ,  a  live  Coaly 
6cc.  in  the  cxhaujled  Receiver.  Alfo  Gun-  - 
powder  fired  therein  will  not  take  Flame,  j 
or  be  explofive,  but  melt  and  die  away »  c 

That  the  different  Velocities  with  which  j 
heavy  and  light  Bodies  defcend  in  the  Air,  : 
is  owing  to  the  Air’s  Refiftance  only,  is  3 
manifeft  from  the  equal  Velocity  or  Swift-  I 
nefs  with  which  all  Bodies  defcend  in  the  j 
exhaujled  Receiver ,  as  is  fhewn  in  the  Ex¬ 
periment  with  a  Guinea  and  a  Feather. 

Air  is  likewife  neceffary  for  the  Exift-  ] 
ence  and  Propagation  of  Sounds  j  for  a  ) 
Bell  placed  under  the  Receiver,  and  rung,  . 
will  not  be  heard  when  the  Air  is  drawn 
out ;  but  in  condenfed  Air,  the  Sound  will 
be  augmented  in  Proportion  to  the  Con-  i 
denfation. 

That  Fermentation ,  Putrefaction ,  &c. 
depend  on  the  Air,  and  are  promoted  by  , 
it,  is  fhewn  by  preferving  the  Fruit  in 
their  natural  Bloom  and  Perfe&ion  thro’ 
the  Winter  in  an  exhaujled  Glafs. 

The  Ufe  of  the  Diving-Bell  depends  on 
the  Preffure  and  Spring  of  the  Air :  For 
fmce  the  Space  which  Air  takes  up  is  re¬ 
ciprocally  as  the  Power  comprefling  it,  tis 

evident 
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evident  that  at  the  Depth  of  33  Feet  of 
Water,  where  the  Prelfure  of  the  Atmo- 
fphere  is  doubled,  the  Bell  will  be  half 
fill’d  with  Water,  at  the  Depth  of  66  Feet 
it  will  be  two  Thirds  fill’d  5  at  the  Depth 
of  99  Feet  it  will  be  three  Fourths  fill’d  j 
and  fo  on.  Whence  appears  the  Neceflity 
of  having  the  Vefiel  in  the  Form  of  a 
Bell,  that  the  perpendicular  Height  of  the 
Water  may  be  as  little  as  pofiible.  Hence 
alfo  we  fee  how  neceflafy  it  is  to  have  a 
very  gentle  Defcent  of  the  Bell,  that  the 
Divers  may  have  Time  to  admit  the  Air, 
fo  greatly  condenfed,  by  proper  Degrees, 
left  it  fhould  burft  the  fine  Veflels  of  their 
Bodies,  and  kill  them :  Together  with  fe- 
veral  other  Particulars  relating  to  the  Na¬ 
ture  and  Manner  of  ufing  this  Machine, 
which  will  be  more  fully  explain’d  in  the 
Note  below.  (XCII). 

(XCII.)  1.  That  the  Reader  may  have  a  juft  Idea  of 
the  Ccimpana  Urinatoria  or  Diving-Bell,  according 
to  the  lateft  Improvements  by  Dr.  Halley  and  Mr .Trie- 
|  voald  of  Stockholm ,  I  have  here  exhibited  two  Figures  of 
the  fame.  The  firft  is  that  of  Dr.  Halley’s.Yoim,  which 
was  3  Feet  wide  at  Top,  5  Feet  at  Bottom,  and  8  Feet 
high ;  and  contain’d  about  63  Cubic  Feet,  or  near  8 
Hogfheads,  in  its  Concavity, 
j  2.  This  was  coated  with  Lead,  fo  heavy  that  it  would  Plate 
*  fink  empty ;  and  the  Weight  was  diftributed  about  the  XXIX. 
Bottom  I  K,  that  it  would  go  down  in  a  perpendicular  Fig.  4. 

The 
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The  Spring  of  the  Air  is  moft  evidently 
concerned  in  tli3.t  Chiriirg-ictil  Opei3.tion 


Pofition  and  no  other.  In  the  Top  was  fixed  a  ftrong  ( 
but  dear  Glafs  D,  to  let  in  the  Light  from  above  ;  and  } 
likewife  a  Cock,  as  at  B,  to  let  out  the  hot  Air  that 
had  been  breath’d  ;  and  below,  at  L  M,  was  fixed  a  f 
circular  Seat  for  the  Divers  to  fit  on  ;  and  laftly,  from  j 
the  Bottom  was  hung,  by  three  Ropes,  a  Stage  for  , 
the  Divers  to  Hand  upon  to  do  their  Buhnefs.  This 
Machine  was  fufpended  from  the  Mail  of  a  Ship  by  a  ^ 
Sprit,  which  was  fufficiently  fecured  by  Stays  to  theft  j 
Maft-head,  and  was  direded  by  Braces  to  carry  it  over-  ( 
board  clear  of  the  Side  of  the  Ship,  and  to  bring  it  in  ^ 

To  fupply  the  Bell  with  Air  under  Water, 
two  Barrels,  fuch  as  C,  of  about  63  Gallons  each,  ( 
were  made  and  cafed  with  Lead, _  fo  that  they  might  j 
fink  empty,  each  having  a  Hole  in  its  loweft  Part  to  j 
let  in  the  Water,  as  the  Air  in  them  is  condenfed  in  , 
their  Defcent,  and  to  let  it  out  again  when  they  were  ; 
drawn  up  full  from  below.  And  to  a  Hole,  in  the  Top 
of  the  Barrels,  was  fixed  a  Hofe  or  hollow  Pipe,  well 
prepar’d  with  Bees- Wax  and  Oil,  which  was  long 
enough  to  fall  below  the  Hole  at  the  Bottom,  being 
funk  with  a  Weight  appended,  fo  that  the  Air  in  the 
upper  Part  of  the  Barrels  could  not  efcape,  unlefs  the 
lower  Ends  of  thefe  Pipes  were  firft  lifted  up.  , 

4.  Thefe  Air-Barrels  were  fitted  with  Tackle,  pro¬ 
per  to  make  them  rife  and  fall  alternately,  like  two 
Buckets  in  a  Well ;  in  their  Defcent,  they  were  direded 
by  Lines  faften’d  to  the  under  Edge  of  the  Bell  to  the 
Man  Handing  on  the  Stage  to  receive  them,  who  by 
taking  up  the  Ends  of  the  Pipes  above  the  Surface  of 
the  Water  in  the  Bell,  gave  Occafioo  for  the  Water  in 
the  Barrels  to  force  all  the  Air  in  the  upper  Parts  into 
the  Bell,  while  it  enter’d  below,  and  fill’d  the  Barrels. 
And  as  foon  as  one  was  difcharged,  by  a  Signal  given* 
it  was  drawn  up,  and  the  other  delcended,  to  be  ready 
for  Ufe. 
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we  call  Cupping  ;  for  when  a  Vacuum  is 
i  made  by  a  Syringe  in  the  Cupping-Glafs 

5.  As  the  cold  Air  rufh’d  into  the  Bell  from  the  Bar¬ 
rel  below,  it  expell’d  ihe  hot  Air  (which  was  lighter) 
through  the  Cock  B,  at  the  Top  of  the  Bell,  which 
was  then  open’d  for  that  Purpofe.  By  this  Method, 
Air  is  communicated  fo  quick,  and  in  fuch  Plenty, 
that  the  Do&or  tells  us,  he  himfelf  was  one  of  five 
who  were  together  at  the  Bottom,  in  nine  or  ten  Fa¬ 
thoms  Water  for  above  an  Hour  and  an  half  at  a  Time, 
without  any  Sort  of  ill  Confequence ;  and  he  might 
have  continued  there,  as  long  as  he  pleafed,  for  any 
thing  that  appeared  to  the  contrary. 

6.  In  going  down,  ’tis  neceflary  it  fhould  be  very 
gently  at  firft,  that  the  denfe  Air  may  be  infpired  to 
keep  up,  by  its  Spring,  a  Balance  to  the  Preflure  of 
the  Air  in  the  Bell.  Upon  each  12  Feet  Defcent,  the 
Bell  is  flopp’d,  and  the  Water  that  enters  is  driven  out 
by  letting  in  three  or  four  Barrels  of  frefti  Air.  By 
this  Means,  the  Do&or  fays,  he  could  (by  taking  off 
the  Stage)  lay  the  Bottom  of  the  Sea,  juft  within  the 
Compafs  of  the  Bell,  fo  far  dry,  as  not  to  be  over 
Shoes  theteon. 

7.  By  the  Glafs  above  fo  much  Light  was  tranfmit- 
ted  when  the  Sun  flione,  and  the  Sea  was  clear  and 
even,  that  he  could  fee  perferftly  well  to  write  and  read, 
and  much  more  to  take  up  any  Thing  under  the  Bell ; 
and  by  the  Return  of  the  Air-Barrels,  he  could  fend  up 
Orders,  written  with  an  Iron  Pen,  on  fmall  Pieces  of 
Lead,  diredling  they  were  to  be  moved  from  Prace  to 
Place. 

8.  But  in  dark  Weather,  when  the  Sea  was  rough 
and  troubled,  it  would  be  as  dark  as  Night  in  the  Beil; 
but  then  the  Do£!or  found  he  could  keep  a  Candle  burn¬ 
ing  in  the  Bell,  as  long  as  he  pleafed  ;  it  being  found 
by  Experiment,  that  one  Candle  confumes  much  about 
the  fame  Quantity  of  confined  Air  as  one  Man  does, 
viz.  about  a  Gallon  per  Minute. 
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applied  to  any  Part,  the  Spring  of  the  Air 
in  the  Flefh  under  the  Glafs  does  ftrongly 

9.  The  only  Inconvenience  the  Do£for  complain’d 
of  was,  that  upon  firft  going  down  they  felt  a  fmall 
pain  in  their  Ears,  as  if  the  End  of  a  Quill  were  < 
forcibly  thruft  into  the  Hole  of  the  Ear.  This  may  t 
proceed  from  its  being  fome  Time  before  the  Air  can 
get  from  the  Mouth,  through  the  fmall  Canal  of  the 
EujJacbiun  Tube,  which  leads  to  the  inner  Cavity  of  the  i 
Ea"r ;  where,  when  it  comes,  it  makes  an  Equi.ibnum 
with  the  outward  Air,  preffing  on  the  Tympanum ,  and 
thus  the  Pain,  for  a  fhort  Time,  ceafes  ;  then  defcend- 
ino-  lower,  the  Pain  of  the  Ears  returns,  and  is  again 
abated  ;  and  fo  on  till  you  come  down  to  the  Bottom, 
where  the  Air  is  of  the  fame  Denfity  continually. 

10.  One  of  thofe  Divers  (who  th’ought  to  out-wit  : 
Dame  Nature  for  once)  put  aPiece  of  chew’d  Paper  in 
his  Ears,  which,  as  the  Bell  defcended,  was  fo  forcibly  : 
preffed  into  his  Ears,  that  it  was  with  great  Difficulty 
the  Surgeon  could  extract  it.  Thus  a  Bottle  with  only 
common  Air  in  it,  and  cork’d  down  tight,  if  it  be  let  1 
down  to  a  confiderable  Depth  of  Water,  will  be  found, 
upon  drawing  it  up  again,  to  have  had  the  Cork  forced 
in  by  the  Prefiure  of  the  Water  at  that  Depth. 

11.  This  Bell  was  fo  far  improved  by  the  Dodlor, 
that  he  could  detach  one  of  his  Divers  to  the  Diftance 
of  80  or  100  Yards  from  it,  by  a  Contrivance  of  a 
Cap  or  Head-piece,  fomewhat  like  an  inverted  Hand- 
Bafket,  as  at  F,  with  a  Glafs  in  the  fore  Part,  for  him 
to  fee  his  way  thro’.  This  Cap  was  of  Lead,  and  made 
to  fit  quite  dofe  about  his  Shoulders ;  in  the  Top 
of  it  was  fixed  a  flexible  Pipe  communicating  with  the 
Bell,  and  by  which  he  had  Air  when  he  wanted,  by 
turning  the  Stop-Cock  near  his  Head-piece.  There 
was  alfo  another  Cock  at  the  End  in  the  Bell  to  pre¬ 
vent  any  Accident  happening  from  the  Perlon  with¬ 
out. 

12.  This  Perfon  was  always  well  clothed  with  thick 
Flannels,  which  were  warn'd  upon  him  before  he  left 
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aft,  and  by  that  means  caufes  the  Fifth  to 
diftend  and  fwell  into  the  Glafs,  while  the 

the  Bell,  and  would  not  fufter  the  cold  Water  to  pe¬ 
netrate  to  hurt  him.  His  Cap  contain  d  Air  enough  to 
ferve  him  a  Minute  or  two  ;  then  by  raifing  himfelf 
above  the  Bell,  and  turning  the  Cock  F,  he  could  re- 
plenifh  it  with  frefh  Air.  This  Pipe  be  coil’d  round 
his  Arm,  which  ferved  him  as  a  Clue  to  find  his  Way 
1  to  the  Bell  again. 

13.  This  Diving-Bell  receiv’d  its  laft  Improvement 
from  Mr.  Martin  ‘Trieivald,  F.  R.S.  Captain  of  Me¬ 
chanics  and  Military  Architecture,  to  his  Swedijh  Ma- 
jefiy  ;  the  Manner  and  Form  whereof  is  fhewn  in  a  Plate 
Figure  of  his  own  drawing.  A,  B,  is  the  Bell,  which,  XXIX 
as  appears  by  the  Scale  of  Feet  under  it,  is  much  lets  big.  c, 
than  Dr.  Hally’s ,  and  therefore  will  come  cheaper.  It 

is  funk  with  leaden  Weights  D,  D,  appended  at  the 
Bottom;  the  Subftance  of  the  Bell  is  Copper,  andtinn  d 
Within  all  over ;  and  as  in  the  Rivers  and  Coafts  of  the 
Baltic  Sea,  the  Water  is  very  clear,  f©  he  has  illumi¬ 
nated  the  Bell  with  three  ftrong  convex  Lenfes  G,  G,  G, 
with  Copper-Lids  H,  H,  H,  to  defend  them. 

14.  The  Iron  Ring,  or  Plate  E,  ferves  the  Diver  to 
Hand  upon  when  he  is  at  Work;  and  it  is  fufpended  at 
fuch  a  Diftance  from  the  Bottom  of  the  Dell,  that  when 
the  Diver  Hands  upright,  his  Head  is  juft  above  the 
Water  in  the  Bell,  and  it  is  much  better  there  than 
higher  up  in  the  Bell,  becaufe  the  Air  is  colder,  and 
confequently  more  frelh  and  fit  for  Refpiration  near 
the  Surface  of  the  Water*  than  towards  the  Top  of  the 

t  c.  But  when  there  is  Occafion  for  the  Diver  to  be 
Wholly  in  the  Bell,  and  his  Head  of  Courfe  in  the  up¬ 
per  Part,  Mr.  Tricwa/d  has  contrived,  that  even  there, 
when  he  has  breath’d  the  hot  Air  as  long  as  he  wed 
can,  by  means  of  a  fpiral  Copper  Tube  h ,  c,  placed 
clofe  to  the  Infide  of  the  Bell,  he  may  then  diaw  the 
cooler  and  frefher  Air  from  the  lowermoit  Parts ;  to 
which  End,  a  flexible  Leather  T  ube,  about  two  beet 

N  2  Prefiure 
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Preffure  of  the  Air  on  the  Parts  without 
the  Glafs  accelerates  the  Motion  of  the 
Blood  and  Fluids,  towards  the  Part  where 
it  is  diminifhed  or  taken  off  by  the  Glafs. 

Since  we  know  that  Heat  augments  the 
repellent  Power  in  the  Particles  of  a  Fluid, 
and  by  that  means  increafes  its  Elafticity, 
and  thereby  caufes  it  to  expand  itfelf  into 
a  large  Space ;  and  that  Cold  has  a  quite 
contrary  Effect ;  we  learn  the  Ufe  of  the 
Thermometer  in  indicating  the  various 
Degrees  of  Heat  and  Cold  in  the  Air ,  by  the 
different  Altitudes  of  the  Spirit  of  Wine  in 
that  Inftrument.  (XCIII). 

Jong,  is  fixed  to  the  upper  End  of  the  Tube  at  b~  to 
the  other  End  of  which  is  a  turned  Ivory  Mouth-piece, 
for  the  Diver  to  hold  in  his  Mouth,  to  refpire  the  Air 
from  below  by  ;  and  this  he  may  do  in  any  Pollute  of 
Landing.  fitting,  bowing  his  Body,  &c. 

1 6.  I  muft  not  omit  in  this  Place  to  mention  the  Inven¬ 
tion  of  a  Gentleman  at  Newion-Bulhel  in  Devonffjire,  who 
contrived  a  large  Cafe  of  ftrong  Leather,  to  hold  about 
half  a  Hogthead  cf  Air,  and  made  it  perfectly  Water-tight, 
adapting  to  it  proper  Parts  for  his  Legs  and  Arms,  with 
a  Glafs  before  ;  fo  that  when  he  put  himfelf  into  this 
Cafe,  he  could  walk  very  eafily  about  at  the  Bottom  of 
the  Sea,  and  go  into  the  Cabin,  and  other  Parts  of  a 
Ship  in  a  Wreck,  and  deliver  out  the  Goods  ;  and  this 
Method  he  p raff i fed  forty  Years,  and  thereby  acquired 
a  lar^e  Fortune,  and  equal  Fame. 

(XCIII.)  i.  A  Thermometer  being  defign’d  to 
'indicate  the  various  Degrees  of  Heat  and  Cold  by  the 
elaitic  or  expanfive  Power  of  Bodies  of  the  Fluid  fort, 
fo  many  IVajs,  Methods,  and  Forms  of  conducting 
inch  aq  ufeful  inftrument  Lave  been  thought  of,  and 

invented 
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invented  at  feveral  Times  for  this  Purpofe  ;  at  firft  Sr, 
then  Oil,  then  Spirits]  tf  Wine,  and  laftly  ®hiickfdver 
have  been  every  Way  attempted  and  tortur’d  in  this 
Experiment. 

2.  The  Spring  of  Air  being  fooner  affedled  by  Heat 
and  Cold  than  that  of  any  other  Fluid,  was  firft  thought 
upon  as  the  beft  Expedient  to  anfwer  this  End  ;  and  fo 
it  really  would  be,  were  it  not  that  the  WeightortPref- 
/ure  of  the  Atmofphere  affedts  .it  all'o  at  the  fame  time  : 
and  by  adding  fometifnes  with,  fometimes  againft  it, 
renders  the  Effedt  by  Heat  or  Cold  very  uncertain,  and 
therefore  the  Inftrument  ufelefs.  For  Example  :  The 

Air  in  the  Bottle  AF  will,  SyTts  Expanfion,  when  the  Plate 
Air  grows  warmer,  ratfe  the  Water  higher  in  the  Tube  XXIX. 
than  the  Point  H,  and  if  the  Air  be  lighter  at  this  Fig.  i. 
time  it  will  prefs  lefs  on  the  Surface  of  the”  Water  atH, 
and  fo  will  fuffer  it  to  rife  ftiil  higher.  But  if  the  Air 
be  heavier  it  will  add  againft  the  Spring,  and  not  permit 
!  it  to  raife  the  Water  to  high.  The  fame  may  be  ob- 
ferved  with  refpedd  to  its  Contradtion  by  Cold  ;  where¬ 
fore  fu^  an  Inftrument,  for  common  or  conftant  Ufe, 
will  not  do  at  all,  though  perhaps  none  is  better  cal¬ 
culated  for  fome  extemporaneous  Ufes,  as  meafuring  the 
Degree  of  Coldnefs  in  different  Cellars,  or  of  Warmth 
in  divers  Rooms  upon  the  fame  Floor. 

3.  It  was  upon  this  Account  found  neceffary  to  have 
Recourfe  to  fome  other  fluid,  which,  fecured  from  the 
Preflu  re  of  the  Air  in  a  T  ube  hermetically  feal’d,  might 
expand  and  contradt  folely  by  the  Heat  and  Coldnefs  of 
the  Air  about  it.  And  becaufe  moft  Fluids  are  fubjedt 
to  freeze  or  thicken  in  great  Degrees  of  Cold,  it  was 
foon  confider’d  that  Spirits  of  Wine,  a  little  tinged  with 
Cochineal  would  beft,  anfwer  the  Purpofe,  and  accord¬ 
ingly  Thermometers,  were  generally  made  therewith, 
and  became  of  common  Ufe. 

4.  "I  hough  the  Spirit  of  Wine  Thermometers  would 
do  very  well  to  fhevv  the  comparative  Heat  of  the  Air, 
yet  this  was  far  lhort  of  the  Virtuolb’s  Views,  who 

panted  to  explore  the  various  and  vaftly  different  De¬ 
crees  of  Heat  in  other  Bodies,  as  boiling  IVater,  boiling 
Oils,  melted  Metals ,  and  even  Fire  itfelf,  and  Degrees 
of  Cold  too,  beyond  what  the  Spirit  Thermometer  can 
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fhew.  For  Spirit  in  a  moderate  Degree  of  Heat  will 
burfl  the  Tube  ;  and  in  an  intenfe  Degree  of  Cold  will 
freeze,  as  the  French  Fhilofophers  found,  who  went  to 
jneafure  a  Degree  upon  the  Surface  of  the  Earth  under 

the  North  Polar  Circle.  ,  f  .  r  , 

c.  It  having  been  found  by  Experiment,  that  Linlepd  . 
Oil  required  four  times  the  Degree  of  Heat  to  make  it 
boil  as  Water  did,  it  was  quickly  fubftituted  inftead  of  ( 
Spirits  for  Philofophic  Ufes.  This  Sir  Jfaac  Newton  al- 
ways  ufed,  and  by  it  difeovered  the  comparative  Degree  ( 
of  neat  which  makes  Water  boil,  which  melts  Wax,  ( 
which  makes  Spirit  of  Wine  boil,  and  melts  I  in  and  , 
Lead  ;  beyond  which  we  do  not  find  the  Oil  Thermo-  ; 
meter  has  been  applyed ;  for  which  reafon  (as  alfo 
for  its  fullying  the  Tube)  it  has  been  lefs  ufed  of  late,  [ 

aP6.SThe'MyER°cuRiAL  Thermometer  which  will  f 
fuftain  any  Degree  of  Heat  or  Cold,  as  far  as  any  lu¬ 
ff  rument  of  this  Kind  can  be  expefled  to  do  Mr .Fa- 

rer.he.t  of  Jmjlerdam ,  was  the  Contriver  of  this  I  her- , 
mometer,  and  though  feveral  Artificers  r.iaeV  them  as , 
well  as  he,  yet  they  Till  go  by  Ins  Name.  Dr.  Boer-  f 
haave  ufed  only  this  1  hermometer.  As  the^ Mercury 
very  freely  and  uniformly  expands  ltfelf  from  hard  Frolf  , 
to  the  Heat  of  Summer,  fo#one  Sort  of  thofe  Ther¬ 
mometers  are  contrived  with  a  Scale,  to  mplude  thofe 
Extremes  only,  and  the  Beginning  of  the  Divmons,  or 
o  is  fixed  to  that  Altitude  of  the  Quickhlver,  as  is  ob- . 
ferved  when  Water  juft  begins  to  freeze  or  Snow  to 
thaw  ;  for  which  reafon  that  is  call  d  the  Freezing  Point  j 
in  the  Scale.  This  Thermometer  is  imall,  fhort,  put 
in  a  neat  Frame,  and  carried  in  the  Pocket  any  where. 

7  But  the  Grand  Thermometer  of  FaRENHEIT  is 
graduated  after  a  different  Manner,  as  defim'cl  to  a 
more  critical  and  extenfive  Ufe.  In  tips  the  Bulb,  or 
large  Part  at  the  Bottom,  is  not  fphuual  (as  in  com¬ 
mon  ones)  but  cylindrical,  to  the  End,  that  the  H?a 
may  penetrate  and  reach  the  inmoft  Parts  as  foon  as 
poffible,  fo  that  the  whole  may  expand  uniformly  to- 
vether.  Hence  it  is,  that  in  the  cyhndnc  Bulb,  the 
Fluid  will  expand  and  rife  immediately,  whereas  in  he 

fetencU  Bulb,  it  «  .**  »  «* 
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Expanfion  of  the  Ball,  before  the  Fluid  is  heated) 
and  then  to  rife,  by  the  Expanfion  of  the  Fluid  when 
heated.  I  have  here  given  a  Figure,  both  of  Farenheit' s Plate 
Mercurial  Thermometer,  and  alfo  of  Sir  Ifaac  Neivtm's  XXX. 
made  with  Linfeed  Oil.  pjg,  ^ . 

8.  1  take  this  of  Sir  Ifcac’s  to  be  the  belt  fitted  of 
any  for  a  Standard  JVeather  Thermome  er ;  and  even  for 
any  Degree  of  Heat  which  the  various  States  of  the 
human  Body  exhibit ;  and  alfo  for  thofe  different  De¬ 
grees  which  Vegetation  requires  in  the  Green  Houfe, 

Hot- Bed,  isc.  In  all  which  Cafes  ’tis  neceffary  there 
fhouid  be  one  common,  unerring,  and  univerfal  Mea- 
fure,  or  Standard,  which  at  all  times,  and  in  every 
Place,  will  fhew  the  fame  Degree  of  Heat,  by  the  fame 
Expanfion  of  the  Fluid,  according  to  which  the  Scale 
Ihould  be  made  in  every  Standard  Thermometer. 

9.  In  order  to  this,  the  Tube  propofed  fhouid  be 
very  nicely  weigh’d  when  empty,  and  then  the  Bulb, 
and  about  a  tenth  Part  of  the  Length  of  the  Tub# 
above  it,  is  to  be  fill’d  with  Quickfilver ;  then  it  is  to 
be  weigh’d  again,  and  the  Excefs  of  this,  above  the 
former  Weight,  will  give  the  Weight  of  the  Quickfilver 
pour’d  in;  this  will  give  the  Weight  of  loodth  Part. 

Let  a  Mark  be  made  with  a  File  upon  the  Tube  at  the 
Surface  of  the  inclofed  Quickfilver. 

10.  Then  weigh  out  9  or  10  Parcels  of  Quickfilver, 
each  equal  to  ioodth  Part  of  that  firff  put  in  the  Tube, 
and  having  pour’d  the  feveral  Parcels  in  one  after  ano¬ 
ther  upon  the  inclofed  Quickfilver,  and  marked  the 
Tube  fucceffively  at  the  Surface  of  each  Parcel,  you’ll 
have  the  Tube  divided  into  proper  Intervals,  which, 
if  the  Bore  of  the  Tube  be  every  where  the  fame,  will 
be  equal  to  each  other ;  if  not,  they  will  be  unequal ; 
and  each  of  thefe  Intervals  is  to  be  divided  into  10 
others,  increafmg  or  decreafing  as  the  Intervals  do. 

11.  When  this  is  done,  the  Capacity  of  the  Tube 
is  divided  into  Thcujandth  Parts  of  that  of  the  Ball, 
and  the  contiguous  Part  of  the  Tube  reaching  up  to  the 
firft  Mark.  The  Tube  is  now'  to  be  put  into  a  Frame, 
and  by  the  Side  of  it  is  to  be  placed  a  Scale,  divided 
into  Tb-juJandlh  Parts ,  exadtly  correfponding  to  thofe 
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on  the  Tube;  and  writing  iooq  over-againft  the  firft 
Mark,  you  write  1010  over-againft  the  fecond,  1020 
a^ainft  the  third,  and  To  on,  as  you  fee  in  the  Figure. 

12.  The  Standard  Thermometer-1  ube,  and  its  Scale, 
being  thus  conftrufled,  is  then  to  be  fill’d  with  fome 
proper  Fluid,  as  Unfeed  Oil ,  where  great  Degrees  of 
Heat  are  not  propofed  ;  and  Mercury  is  to  be  ufed, 
when  they  are.  When  the  Fluid  is  poured  in,  it  is  to 
be  adjufled  in  fuch  a  Quantity,  that  it  may  ftand  juft 
at  the  principal  Point,  marked  1000,  in  Water  jujl free z- 
i»g.  And  here  great  Precaution  is  to  be  ufed;  for 
niany  Trials  mud  determine  this  Point  to  which  the 
Fluid  muft  always  rife  by  flow  Degrees,  and  with  an 
uniform  Motion. 

13.  When  this  Point  is  well  fecured,  all  the  Trouble 
is  over,  the  Ball  being  then  immerfed  in  boiling  Water, 
Spirits,  Oils,  melted  Metals,  See.  in  Snow,  Freezing  Mix¬ 
tures,  &c.  the  Expanfions,  by  .  all  the  various  Degrees 
of  Heat  and  Cold,  will  be  {hewn  by  the  Numbers 
againft  the  Heights  to  which  the  Fluid  rifes  in  the 
Tube  in  each  Cafe,  thefe  are  to  be  wrote  on  the  Side 
of  the  Scale  ;  and  fince  the  fame  Degree  of  Heat  will 
caufe  the  fame  Expanfion  of  the  fame  Fluid  at  all 
Times,  ’tis  evident,  if  Thermometers  were  every  where 
conftru&ed  in  this  Manner,  the  Obfervations  made  by 
them  in  any  Part  of  the  World,  may  be  compared  to¬ 
gether,  which  cannot  otherwife  be  done ;  whence 
this  Part  of  Philofophy  would  receive  its  final  Perfec- 
tion. 

14.  By  one  of  t'nofe  Standard  Thermometers  well 
made,  many  more  might  foon  be  conftrudled  with  any 
expanding  Fluid,  without  the  Trouble  of  graduating 
their  Tubes  by  equal  Quantities  of  Quickfilver.  For 
having  fill’d  the  Balls,  and  a  convenient  Part  of  the 
Tube,  with  the  propofed  Fluid,  place  them  altogether 
in  a  Veffel  of  cold  Water;  and  while  it  is  warming  as 
gently  as  poffible,  when  the  Oil  in  the  Standard  Ther¬ 
mometer  (hall  arrive  fucceffively  at  the  feveral  Divifions 
of  its  Scale,  at  the  fame  Inftant  of  Time  mark  the  new 
Tube's  at  the  feveral  Heights  of  their  fluids,  and  form 
a  Scale  for  every  Tube,  that  thall  correfpond  to  thofe 
Marks.  Then,  while  the  Liquors  fubfide  by  cooling 

gently. 


Pneumatics. 

gently,  examine  whether  they  nicely  agree  at  the  feve- 
J"al  Marks.  To  determine  the  Freezing  Point  in  all, 
they  are  to  ftand  together  in  the  Water  till  it  juft  be¬ 
gins  to  freeze :  Or,  having  all  the  other  Points  duly, 
that  may  be  deduced  very  exadtly  by  the  Rule  of  Pro¬ 
portion. 

15.  A  Thermometer  that  (hall  vary  very  fenfibly  by 
every  fmali  Variation  of  Heat  and  Cold,  as  thofe  of  the 
Atmofphere,  muft  have  a  large  Eall  in  Proportion  to 
the  Bore  of  the  Tube;  and  that  the  Heat  or  Cold  may 
fooner  penetrate  the  innermoft  Parts  of  the  Liquor,  the 
Ball  fhould  not  be  Ipherical,  but  oblong  and  flatted  like  a 
French  Flajk  ;  and  the  Lengths  of  the  Tubes  fhould  be 
proportioned  to  the  Degrees  of  Heat  they  are  intended 
to  difeover. 

16.  Sir  Ifaac  Newton  graduated  his  Standard  Ther¬ 
mometer  on  both  Sides,  as  fhewn  in  the  Figure.  Thofe 
on  the  Right  Hand  meafured  the  Heat  of  the  Oil ;  as  thofe 
on  the  Left  meafured  the  Bulk  thereof ;  But  fince  the 
latter,  as  well  as  the  former,  begins  from  a  Cypher  at 
the  Freezing  Point,  and  is  regularly  continued  upwards 
by  the  common  Divifions  ic,  20,  30,  40,  &c.  it  will 
equally  ferve  both  Purpofes  ;  fince  the  Degree  of  Heat 
will  always  be  proportioned  to  the  Expanfton  of  the 
Bulk  of  the  Fluid  abpveor  below  the  Freezing  Point. 

17.  By  this  Divifipn  therefore  on  the  Left  Hand,  I 
fhall  exprefs  fome  of  the  principal  Articles  of  Sir  Ifaac 
Newtons  Scale  of  the  various  Degrees  of  Meat,  as  in 
the  Tablet  below. 

D.  of  Heat. 

0  Water  juft  freezing,  and  Snow  juft  thawing. 
The  Heats  of  the  Air  in  Winter. 


to  4 

4 
to  8 
8 

tO  T  2 

i  3 
2b 


£  The  Heats  of  the  Air  in  Spring  and  Autumn. 

|  The  Heats  of  the  Air  in  Summer. 

The  greateiTSummer-Heat. 

The  great  eft  Heat  of  the  external  Parts  of  the 
Human  Body. 

V*  ater  juft  tolerable  to  the  Hand  at  Reft. 

361  Water 
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D.  of  Heat.  , 

Water  hardly  tolerable  to  the  Hand  in  Motion, 
Melted  Wax  juft  growing  ftiff  and  opake. 
Melted  Wax  juft  before  it  bubbles  or  boils. 
Spirit  of  Wine  juft  begins  to  boil. 

Weter  begins  to  boil. 

Water  boils  vehemently. 

A  Mixture  of  -ro  of  Lead,  §  of  Tin,  and 
Bifmuth,  melts. 

A  Mixture  of  equal  Parts  of  Tin  and  Bif- 
muth  melts. 

A  Mixture  of  -}  of  Tin  and  |  of  Lead  melts.  ' 
The  Heat  which  melts  Pin. 

The  Heat  which  melts  Bifmuth. 

The  leaft  Heat  which  melts  Lead. 

The  Heat  with  which  burning  Bodies  fhine 
in  a  dark  Night. 

The  Heat  of  a  fmall  Coal-Fire. 

The  Heat  of  a  fmall  Wood-Fire. 

1 8.  Dr.  Hales  confiders  the  Freezing  Point  as  one 
Boundary  to  Vegetation,  viz.  on  the  Side  of  Cold  ;  and 
the  other  Boundary  he  fixes  to  that  Degree  of  Heat  with 
which  Wax  w'ill  begin  to  melt,  becaufe  a  greater  De¬ 
gree  of  Heat  will,  inftead  of  colledting  and  affimilating 
the  nutritive  Particles,  diffipate  them,  even  thofe  which 
are  mod  vifeid  and  glutinous  ;  and  therefore  the  Plant 
will  rather  fade  than  vegetate  in  fuch  Degrees  of  Heat. 

19.  This  Space  the  Docftor  divided  into  ICO  equal 
Parts  in  his  Thermometers:  But  his  Numbers  exprefs  d 
in  thofe  of  the  Standard  Thermometer,  are  for  feveral 
Particulars  mentioned  by  the  DoiSlor  as  follows.  For 
Myrtle,  4};  Oranges ,  6};  Ficoides ,  7T,  Indian  Fig,  8‘; 
Aloe,  1  o  ;  Ccreus,  1 1  ;  Euphorbium,  l  2  ;  Piamente,  1 3 ; 
Ar.ana ',  14 ;  Melon-Tbijlie,  15’;  Air  under  the  Glajs 
of  a  Hot-Bed ,  17  ;  the  H.t-Bcd  itfelf ,  28.  If  the  Hot- 
Bed  exceed  the  Heat  of  40  or  thereabouts,  it  will  fcorch 
the  Plants  and  kill  them.  I  he  Heat  of  Milk  from  the 
Cow  is  28,  that  of  Urine  29,  and  of  Blood  in  a  Fever 
nearly  4c. 

20.  As  Farer.heh' s  Thermometer  is  come  into  fuch 
general  Ufe,  I  have  here  placed  it  by  the  Standard  Ther¬ 
mometer, 
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43 

V* 

54 

72 

75 

86 

103 

122 

154 

*74 
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The  Moifhire  and  Drynefs  of  the  Air  are 
{hewn  by  the  Hygrometer,  which:  is 
made  feveral  ways,  but  that  with  a  Cor'd\s 
mod  common  and  ufeful ;  for  that  by 
fhrinking  with  Moidure  will  turn  an  In¬ 
dex  one  way,  and  extending  with  Drynefs 
will  turn  it  the  contrary  way,  over  the  gra¬ 
duated  Limb  of  a  Circle.  (XCIV  j  (XCV ). 


meter,  that  the  Divifions  on  each  may  be  reduced  to 
the  other’s  refpedively  by  bare  Infpedion,  and  the  Ufe 
of  both  be  {fill  preferved.  If  the  Reader  would  fee  all 
the  different  torts  of  Thermometers,  or  rather  all  the 
different  Methods  of  graduating  them,  he  may  be  fully 
fatisfied  by  conlulting  Lr.  George  JVlurtine  s  ITeatife  on 
this  Subjed. 

21.  To  conclude  this  Head,  it  muff  be  obferved  that 
the  Right  Hon.  the  Earl  of  CavendiJ). )  has  very  lately  in¬ 
vented  a  curious  Conffrudion  of  lhe7?7io?7icterSy  of  two 
different  Forms  ;  one  contrived  to  file w  the  greateft  De¬ 
gree  of  Heat,  and  the  other  the  greateft  Cold,  that 
may  happen  in  a  Perl'on  s  Abfence  at  any  Time.  But 
this  Improvement  cannot  be  underftood  fo  well  by  De- 
fcription  as  by  viewing  the  Inffruments  themfeives. 

(XCIV.)  i.  An  Hygrometer,  fometimes  call’d 
a  Notiometer,  is  an  Inffrument  or  Contrivance,  by 
which  we  can  effimate  the  Quantity  of  Moiffure  or  Va¬ 
pours  in  the  Air  ;  or  by  which  we  car,  compare  the  va¬ 
rious  Degrees  of  its  Humidity  and  Siccity  at  different 
Times.  For  this  Purpofe  different  Subjeds  have  been 
at  times  eflby’d,  but  none  as  yet  have  been  found  fatis- 
fadorv  or  faffing. 

2.  Thus  Cotton,  Spunge,  Gfc.  hung  at  the  End  of  a 
rice  Balance,  in  anexad  Equilibre,  will  by  contrading 
Moiffure  from  the  Air  become  heavier,  which  will 
therefore  be  (hewn  by  its  defending  ;  and  when  the  Air 
becomes  drier,  it  ought  to  part  with  tne  Moifture  and 

I  Shall 


1 88 


Pneumatics. 

I  Shall  finifh  this  Le6ture  with 
giving  you  an  Account  of  the  Structure 


become  lighter ;  but  this  it  will  not  readily  do,  and  is 
therefore  of  little  Ufe.  Salts  have  been  likewile  ufed 
this  way,  but  to  no  Purpofe. 

3.  It  would  be  endlefs  to  take  notice  of  all  the  Me¬ 
thods  that  have  been  attempted  by  Philofophcrs,  and  mod 
of  them  without  Succefs,  However,  as  fome  are  better 
than  others,  and  will  endure  for  a  confiderableTime  very 
well,  I  thall  here  give  an  Account  of  one  which  is  the 
heft  of  any  I  have  hitherto  thought  of.  It  is  made  of 
a  String  either  of  Hemp  or  Cat’s -Gut,  (as  all  the  belt 
Sort  are)  and  {hews  the  increafing  Moijiure  of  the  Air 
by  its  Twijling  and  Shortening ,  and  the  Drjn  J]  by  Jjn- 
tiv'ijling  and  Lengthening. 

4.  Thus  let  A  B  C  be  the  lower  Part  of  a  twilled 
PI. XXX.  j  ;ne  or  Cord,  hanging  from  the  Height  of  the  Room 
fig-  6*  againit  one  Side  thereof  on  the  Wall  or  Wainfcot  j  let 

there  be  deferibed  a  large  Circle,  graduated  into  joo 
equal  Parts,  luch  as  K  L  M  N  ;  in  the  Centre  of  which 
is  a  Pin,  with  a  fmall  Pulley  1  B,  carrying  an  Index 
G  P.  If  now  a  Cord  be  put  round  the  Pulley,  and  a 
fmall  Weight  or  Ball  D  be  fufpended  at  the  lower  End 
to  keep  it  {trait,  then  as  the  Cord  gathers  Moifture 
from  the  Air,  it  will  twift  and  become  fhorter  ;  the 
Confequence  of  which  will  be,  that  in  contracting  it 
will  turn  the  Pulley  I  B,  and  this  by  its  Index  will  point 
to  the  Numbers  on  the  graduated  Circle,  which  will 
Ihew  the  Degree  of  Moiiture  or  Drynefs  by  the  Con¬ 
traction  or  Relaxation  of  the  Cord. 

5.  Again  :  If  the  Ball  D  hang  over  the  Centre  E  of 
another  graduated  Circle  C  F  G  H  placed  horizontally, 
carrying  an  Index  E  P  upon  its  Divifions,  it  will  Ihew 
the  fame  Thing  by  the  twitting  and  untwifting  of  the 
Cord  B  C,  as  in  the  Circle  above  ;  Co  that  this  may  be 
looked  upon  as  a  Double  Hygrometer ,  and  fo  fimple  in 
its  Structure,  that  any  Perfon  may  make  it;  and  that 
it  will  anfwer  very  well  for  a  conhderable  Time,  I  am 
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and  Ufe  of  the  common  Air-pump,  and 
of  one  of  a  new  Invention  of  my  own. 

fally  fatisfied  by  Experience :  And  I  believe  a  better  than 
this  was  never  made. 

Note,  In  the  Conftruciion  of  my  Jerome1, rum  Mag¬ 
num  or  Tripple  Weather-Glafs,  I  have  a  Barometer, 
Thermometer ,  and  Hygrometer  all  in  one  Frame;  all  of 
the  beft  Sort ;  which  makes  a  Piece  of  Furniture  equally 
ufeful  and  elegant.  7 

(XCV.)  i.  There  remains  yet  one  more  Pneumatic 
Machine  to  be  defcribed,  which  has  made  confiderable 
Noife  in  the  Philofophic  World,  but  has  never  been  of 
any  Ufe  in  Civil  Life  ;  I  mean,  the  famous  Invention 
of  the  Air-Gun,  of  which  there  are  two  Sorts;  one 
the  Common  Air-Gun ,  the  other  the  Magazine  Air-Gun  : 

Of  both  which  I  {hall  give  the  following  fhort  Ac¬ 
count. 


2.  The  Common  Air-Gun  is  made  of  Brafs,  and  piat(, 
has  two  Barrels  ;  the  Inlide  Barrel  KA  of  a  fmall  vvy 
Bore,  from  which  the  Bullets  are  {hot ;  and  a  larger 
Bmd  E  C  D  R  on  the  Outf.de  of  it.  There  is  a  fy .  *  'S' 
nnge  S  MN  P  fixed  in  the  Stock  of  the  Gun,  by  which 
the  Air  is  injected  into  the  Cavity  between  the  two  Bar¬ 
rels  through  the  Valve  E  P.  1  he  Ball  K  is  put  down 
into  its  Place  in  the  fmall  Barrel  with  the  Rammer,  as 
in  another  Gun.  At  S  L  is  another  Valve,  which  be¬ 
ing  drawn  open  by  the  Trigger  O,  permits  the  Air  to 
come  behind  the  Bullet,  fo  as  to  drive  it  out  with  great 
fierce.  b 


3-  if  this  Valve  be  open’d  and  (hut  fuddenly,  one 
Charge  of  condenfed  Air  may  make  feveral  Difcharges 
of  Bullets  ;  but  if  the  whole  Air  be  difcharged  on  one 
fiiigle  Bullet,  it  will  drive  it  out  more  forcibly.  Thi<* 
Di (charge  is  effected  by  means  of  a  Lock*/  placed 
nere,  as  ufual  in  other  Guns ;  for  the  Trigger  being 
.  pull  d,  the  Cock  k  will  go  down,  and  drive  a  Lever  o , 

•that  will  open  the  Valve,  and  let  in  the  Air  upon  the 
Bullet  K. 
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The  common  or  large  Air-Pump  is  lepie- 
Tented  where  a  a,  a  ai'e  the  two  BiaTs 


Plate 
XXX. 
Fig.  2. 


*.  The  Magazine  Air  Gun  is  the  Invention  of  art 
ingenious  Artift,  whofeName  is  L.  CMe.  By  his  Con¬ 
trivance  ten  Bullets  are  fo  lodged  in  a  Cavity  near  the 
Place  of  Difcharge,  that  they  may  be  drawn  into  the 
{hooting  Barrel,  and  fucceffively  Ihot  fo  faft  as  to  be 
nearly  of  the  fame  Ufe  as  fo  many  feveral  Guns.  In 
the  Fio-ure  you  have  a  Section  of  the  Gun  as  big  in 
every  Part  as  the  Gun  itfelf;  and  fo  much  of  the 
Length  as  is  neceflary  to  form  a  compleat  Idea  of  the 

Wc°AEE  is  Part  of  the  Stock;  G  is  the  End  of  the 
injeaion  Syringe,  with  its  Valve  H  opening  into  the 
Cavity  between  the  Barrels,  as  before.  U  is  the 
{'mail  {hooting  Barrel,  which  receives  the  Bullets  from 
the  Magazine  E  D,  which  is  of  a  ferpentine  Form,  and 
clofed  on  the  End  D  when  the  Bullets  b  b,  b  b,  are 
lodged  in  it.  The  circular  Part  s  I  sk  M  t  is  the  Key 
of  a  Cock,  having  a  cylindric  Hole  through  it  I  K, 
which  is  equal  to  the  Bore  of  the  fmad  barrel,  and 
makes  a  Part  of  it  in  the  prefent  Situation. 

6.  When  the  Lock  is  taken  off,  the  feveral  Parts 
O  ,  P.,  T,  S,  W,  &c.  come  into  View,  by  which 
means  the  Difcharge  is  made  by  pufhing  up  the  Pin  Ppj 
which  raises  and  opens  a  Valve  V,  to  let  in  the  Air 
againft  the  Bullet  I  from  the  Cavity  F,  F,  F;  which 
Valve  is  immediately  {hut  down  again  by  means  ot  a 
Inn-  Spring  N  N  of  Brafs.  This  Valve  V  being  a  co¬ 
nical  Piece  of  Brafs,  ground  very  tree  m  the  Part  which 
receives  it,  will  of  itfclf  be  fufficient  to  confine  the 

ir 

7.  To  make  a  Difcharge  you  pull  the  Trigger  z», 
which  throws  up  the  Seer  y  x,  and  difen gages  it  from 
the  Notch  at,  upon  which  the  ftrong  Spring  W  W  moves 
the  Tumbler  T,  to  which  the  Cock  is  fixed.  1  ms 
by  its  End  u  hears  down  the  End  v  of  the  tumbling 
Lever  R,  which  by  its  other  End  m  raifes  at  the  lame 
lime  the  fiat  End  l  of  the  horizontal  Lever  CO  ana 

Torrpls. 
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Barrels,  in  which  the  Pittons  ccy  cc>  move 
by  Chains  fatten'd  to  each  of  them,  and 

by  this  means,  of  courfe,  the  Pin  P  p  is  pufh’d  up,  which 
Hands  upon  it,  and  thus  opens  the  Valve  V,  and  dif- 
charges  the  Bullet.  This  is  all  evident  from  a  bare 
View  of  the  Cut. 

8.  To  bring  in  another  Bullet  to  fucceed  I  infranta- 

neoufly,  there  is  a  Part  called  the  Hammer  H,  which 
by  a  fquare  Hole  goes  on  upon  the  fame  fquare  End  of 
the  Key  of  the  Cock,  and  turns  it  about  fo  as  to  place 
the  cylindric  Bore  of  the  Key  I  K  in  any  Situation  re¬ 
quired.  Thus  when  the  Bullet  is  in  the  Gun,  the 
Hammer  Hands  as  in  the  Figure,  where  the  Bore  of 
the  Key  coincides  with  that  of  the  Barrel  KIC;  bufp, 
when  the  Ball  is  difcharged,  the  Hammer  H  is  inftantly  7?^ 
brought  down  to  (hut  the  Pan  of  the  Gun,  by  which  £•  ' 

Motion  the  Bore  of  the  Key  is  turned  into  the  Situation  ‘S'  3>  ** 
i  k,  fo  as  to  coincide  now  with  the  Crihce  of  the  Ma¬ 
gazine  ;  and  upon  lifting  the  Gun  upright,  the  Ball  next 

the  Key  tumbles  into  its  Cavity,  and  falls  behind  two 
fmall  Ends  s,  s,  of  two  tender  Springs,  which  like 
Fingers  Ends  detain  it.  The  Key  in  this  Pofition  is 
feen  in  the  Figure.  Then  opening  the  Hammer  again 
the  Bullet  is  brought  into  its  proper  Place  near  the  dif- 
charging  Valve,  and  the  Bore  of  the  Key  makes  again 
a  Part  of  that  of  the  fhooting  Barrel. 

9.  It  evidently  appears  how  expeditious  a  Method 
this  is  of  charging  and  difeharging  a  Gun  ;  and  were  the 
Force  of  condenfed  Air  as  great  as  that  of  Gunpowder, 
fuch  an  Air-Gun  would  adtually  anfwer  the  End  of 
many  Guns,  and  prove  the  beft  Defence  againH  High¬ 
waymen  or  Robbers  that  People  are  aware  of ;  hecaufe 
when  they  have  Reafon  to  fufpetf  them,  they  might 
then  make  five  or  fix  Difcharges  before  the  Thief  can 
come  within  Piftol-fhot. 

10.  In  the  Air-Gun,  and  in  all  other  Cafes  where 
the  Air  is  required  to  be  condenfed  to  a  very  great  De¬ 
gree,  it  will  be  requifite  to  have  the  Syringe  of  a  fmall 
Bore,  viz.  not  exceeding  |  an  Inch  in  Diameter;  be- 
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to  a  Wheel  moving  on  the  Axle  /,  when 
the  Engine  is  put  into  Motion  by  the 
Winch  bb.  gg,  gg,  are  two  Pillars  or 
Pieces  of  Wood  fupporting  the  Frame  of 
the  Pump-Wheel,  which  is  fcrew’d  upon 
them  by  Nuts  under  the  little  Pieces  of 
Wood  e ,  ee.  The  Tube  or  Pipe  marked 
h  h  is  called  the  Swan-Neck ,  made  of  Brafs ; 
By  this  the  Air  paffes  from  under  the  Re¬ 
ceiver  0  0,  through  a  fmall  Hole  k  in  the 
Middle  of  the  Brafs  Plate  i  i  i  on  the  Top 
of  the  Pump,  to  a  Brafs  Piece  in  the  Box 
dd,  which  being  perforated  length-ways 
to  the  Middle  Point  under  each  Barrel,  does 
there,  through  a  fmall  Hole,  by  a  Bladder- 
Valve,  tranfmit  the  Air  from  the  Receiver 
into  each  Barrel  to  be  pump’d  out  by  patt¬ 
ing  through  the  Hole  in  the  defcending 

caufe,  as  has  been  fhewn,  the  Preflure  againft  every 
fquare  Inch  is  about  1 5  lb.  and  againft  every  circular  Inch 
it  is  therefore  about  12  lb.  If  therefore  the  Syringe  be 
one  Inch  in  Diameter,  when  one  Atmofphere  is  injeAed, 
there  will  be  a  Refiftance  of  12 ,lb.  againft  the  Pifton) 
when  2,  of  24 lb,  ;  and  when  10  are  injeAed,  there 
will  be  a  Force  of  120  lb.  to  overcome  ;  whe:eas  10 
Atmofpheres  aA  againft  the  circular  Half  Inch  Pifton 
(whole  Area  is  but  \  Part  fo  big)  with  a  Force  but  a 
l  Part  fo  great,  viz.  30 lb.-,  or  40  Atmofpheres  may¬ 
be  injeAed  with  fuch  a  Syringe,  as  well  as  10  with  the 
other.  In  a  Word,  the  Facility  of  working  will  be 
(cateris  paribus)  inverfely  as  the  Squares  of  the  Diame¬ 
ters  of  the  Syringe. ' 


Pittoii. 
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pifton.  Thefe  Holes  in  the  Piftons  and 
Bottoms  of  the  Barrels  are  cover’d  with 
Valves,  to  prevent  the  Return  of  the  Air  in- 
|  to  the  Receiver.  /  /  /  is  the  Mercurial  Gage, 
br  common  Barometer,  immerfed  in  a  Ba- 
fon  of  Mercury  m  fix’d  in  the  Bottom  of 
the  Frame,  and  at  Top  communicates  with 
j  the  Receiver,  which  therefore  Ihews  how 
;  much  the  Receiver  is  exhaufted  by  the  Rif- 
|  ing  of  the  Mercury  in  the  Tube,  by  a 
1  graduated  Scale  affixed  thereto.  The  Stop¬ 
cock  n  n,  alfo,  communicates  with  the  Re¬ 
ceiver,  and  confequently  with  the  Swan- 
!  Neck  and  Mercurial  Tube  :  Its  Ufe  is,  by 
turning  the  Cock,  to  re-admit  the  Air, 

■  when  there  is  Occafion.  The  Receiver  is 
I  ground  true  on  the  Bottom,  and  is  fixed 
on  the  Pump  at  firft  by  means  of  wetted 
Leathers  to  exclude  the  Air,  inftead  of  Ce¬ 
ment  formerly  ufed  for  that  purpofe. 

But  with  how  much  more  Conveniency, 
and  lefs  Expence,  Pneumatical  Experi¬ 
ments  of  all  Kinds  may  be  perform’d,  by 
a  New,  Elegant ,  and  Portable  Air-Pump , 
Which  I  have  lately  contrived  and  made, 
will  be  eafy  to  apprehend  from  a  bare  View' 
of  the  Figure  thereof :  In  which  A  B  is 
the  Head  or  Part  containing  the  Wheel, 
which  alternately  raifes  and  deprefles  the 

Vol,  II.  O  Piftons 
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Piftons  C  D  in  the  Barrels  E  F,  which  are 
jlronglv  prefs’d  down  by  the  faid  Part  AB, 
fupported  on  the  two  Pillars  G  H,  fixed 
into  the  Bed  or  Bottom  of  the  Machine 
1KL.  On  this  Bottom  hands  the  Receiver 
M  N  on  a  large  fmooth  Brafs  Plate,  in  the 
Middle  whereof  is  a  Hole,  by  which  the 
Air  pafles  out  of  the  Receiver  into  a  fmall 
Tube  on  the  under  Part  of  the  Frame, 
and  goes  to  the  Piece  O,  which  communi¬ 
cates  with  the  perforated  Brafs  Piece  on 

which  the  Barrels  Hand,  and  from  which 

. 

they  receive  the  Air  to  be  exhaufted.  On 
the  middle  Part  of  this  Brafs  Piece  is  a 
Perforation,  over  which  is  placed  a  fmall 
Receiver  p<u  and  under  it  a  Bafon  of 
Mercury  R,  in  which  a  fmall  Tube  RS 
(hermetically  fealed  at  one  End,  and  fill’d 
with  Quickfilver)  is  inverted ;  and  there¬ 
fore  as  the  fmall  Receiver  P  Q^is  exhaufted, 
(at  the  fame  time  with  the  large  one  MN) 
the  Approach  of  th t  Vacuum  will  be  fhewn 
by  the  Defcent  of  the  Quickfilver  in  the  Tube 
R  S.  By  the  Stop- cock  T  the  Air  is  again 
let  into  the  Receiver.  I  take  this  to  be 
the  lafl  Improvement  this  Machine  is  capable 
of,  as  to  its  Form;  for  it  confifts  of  only 
luch  Parts  as  are  Efiential.  And  thus  con- 
ftnuTed,  it  may,  together  with  its  Re¬ 
ceivers, 
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ceivers,  be  contain  d  in  3  Box  oi  3  fmsll 
Size,  3nd  comes  to  but  3  fmall  Price  in 
comparifon  of  the  other  Forms.  (XCVI.) 

(XCVI.)  I.  I  lhall  conclude  this  Subject  with  a  few 
Articles  relating  to  the  Rarefaction  of  the  Air  in  the 
Recipient  in  working  the  Machine;  for  the  Reader  mud 
not  fuppofe  that  ail  the  Air  can  be  exhausted,  if  the 
Pump  be  ever  fo  good,  or  worked  ever  fo  long.  The 
Reafon  is  evident  when  we  confider,  that  the  Air  which 
is  exhaufted  is  only  pufhed  out  by  the  Spring  of  that 
which  remains  behind  :  if  therefore  every  Particle  were 
fuppofed  to  be  exhaufted,  the  laft  would  be  expell’d 
without  an  Agent,  or  there  would  be  an  Effect  without 
a  Caufe,  which  is  abfurd. 

2.  Let  the  Capacity  of  any  Receiver  be  to  that  of 
the  Barrel  as  C  to  i .  Alfo  let  the  Rarefaction  of  the 
Air  which  remains  in  the  Receiver  be  to  the  common 
Air  as  R  to  I,  after  any  Number  of  Turns  or  Ex¬ 
actions  N.  Then,  upon  raifing  the  Pifton,  the  Air 
will  rufh  into  the  Barrel,  and  fo  will  now  be  rarefied  in 

the  Ratio  of  C  to  C  +  i,  or  of  i  to  ^  ;  and  fince 

this  is  the  Ratio  of  the  Rarefaction  by  every  Exfuftion, 
’tis  evident  it  will  be  the  common  Ratio  of  a  Geometri¬ 
cal  Series  of  Rarefactions  produced  by  the  feveraLTurns 

of  the  Winch,  v'.z.  The  Series  x  : 


C  +  l 


C 


C  +  I 

c 


C+l 


&c.  to 


C+I 


N 


C+i 


c 


2=  laft  Term  of 


the  Series,  which  therefore  as  it  expreffes  the  laft  Rare- 

• -  N 


C+I 


faction,  will  be  equal  to  R,  that  is,  R  —  — q~ 

3.  Hence  from  the  known  Property  of  Logarithms  we 
have  L.  R  =  N  XL. 


C+  1  -  N  X  L.  C  +  1  —  L.  C  ; 


whence, 


L.  R 


L.C+i 


L.  C 

O  2 


l95 


:  N .  Wherefore  if  C  = 
1,  that 
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i,  that  is,  if  the  Capacity  of  the  Receiver  be  equal 

L  R 

to  that  of  the  Barrel,  we  fhall  have  N  —  ~ — .  Con- 

L.  2 

fequently,  if  R  exprefs  any  Degree  of  Rarity  propofed, 
as  i,  2,  3,  4,  5,  6,  &c.  we  have  N  the  Number  of 
Turns  or  ExfuCtions  to  eflfecft  it. 

4.  And  from  hence  the  following  Table  is  con- 
ftru&ed  ;  in  which  the  firft  Column  exprefles  the  Rarity 
of  the  Air  in  the  Receiver,  and  the  fecond  the  Number 
of  Turns  to  produce  it. 


Rarity. 

Number  of 
Turns. 

Rarity 

Number  of 
Turns. 

Rarity. 

Number  of 
Turns. 

I 

O. 

60 

5*9°7 

900 

9,814 

2 

I. 

64 

6. 

IOOO 

9,966 

3 

I.585 

70 

6,129 

IO24 

IO. 

4 

2. 

80 

6,322 

2000 

10,966 

5 

2,222 

90 

6,492 

2048 

1 1. 

6 

2,5^5 

IOO 

6,644 

3000 

'1*551 

7 

2,807 

128 

7- 

4000 

1 1,966 

8 

3- 

200 

7*644 

4096 

12. 

9 

3>I7° 

256 

8. 

5  000 

12,288 

10 

3>322 

3°° 

8,229 

6000 

I2*55  1 

16 

4- 

400 

8,644 

7000 

I2>773 

20 

4>322 

50° 

8,966 

8000 

12,966 

30 

4*9°7 

512 

9- 

8192 

13- 

32 

5- 

600 

9,229 

9000 

'3*i35 6 

40 

5*322 

700 

9*45 1 

10000 

13,288 

5° 

5>644 

800 

9*644 

16284 

14. 

5.  From  this  Table  we  may  obferve,  that  if  any 
Numbers  in  the  firft  Column  be  taken  in  Geometrical 
Progreflion,  the  correfponding  Numbers  of  the  fecond 
will  be  in  Arithmetical  Progreffion.  Thus  againft  2,  4, 
8,  1 6  in  the  firft,  you  fee  1,  2,  3,  4  in  the  fecond  Co¬ 
lumn. 

6.  When  the  Capacity  of  the  Receiver  exceeds  that 
of  the  Barrel,  then  the  Number  of  Turns  N  to  pro¬ 
duce  a  given  Rarefaction  R  will  be  greater  than  before. 
Therefore  if  the  Number  of  Turns  in  this  particular 

Cafe, 
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Cafe,  which  Jet  us  call  n,  be  multiplied  by  fome  Num¬ 
ber  m,  it  will  produce  a  Number  of  Turns  N  that  fhall 
affedt  the  Rarefaction  R  in  any  Receiver  propofed.  Now 

fince  n  —  we  fhall  have  nXm  =  L'  -  — 


N  = 


^whence  we 


L.  C  -f-  i  ■ —  L.  C 

7.  From  Hence  a  Table  of  Multipliers  expreffing  the 
Value  of  tn ,  when  the  Receiver  is  in  any  given  Pro¬ 
portion  larger  than  the  Barrel,  is  eafy  to  be  conftructed. 
Of  which  the  following  is  a  Specimen. 


Capacity 
of  Re- 
\  ceiver. 

Multiple  r. 

Capacity 

of  Re¬ 
ceiver. 

Multiplier. 

Capacity 
of  Re¬ 
ceiver . 

Multiplier . 

I 

I. 

20 

14,207 

3°° 

2C8,29 I 

2 

1,710 

30 

21,139 

400 

277,605 

3 

2,499 

40 

28,071 

500 

346,920 

4 

3,106 

50 

3  5,003 

6co 

416,235 

5 

3,802 

60 

4C934 

700 

485,549 

6 

4,497 

70 

48,866 

8co 

554,864 

7 

5,  I9I 

80 

55,798 

900 

624,179 

8 

5,885 

90 

62,729 

rooo 

693>494 

i  ~  9 

6,579 

IOO 

69,661 

10 

7,273 

200 

138,976 

8.  By  means  of  thefe  two  Tables,  thofe  who  know 
(nothing  of  Algebra  may  find  how  many  Turns  are  ne- 
cefiary  to  rarity  the  Air  in  the  Receiver  to  any  given 
Degree,  when  the  Ratio  of  the  Receiver’s  Capacity  to 
that  of  the  Barrel  is  known.  For  Example  :  Let  the 
Receiver  be  10  times  as  big  as  the  Barrel,  and  let  it  be 
required  to  find  how  many  Turns  of  the  Winch  will 
ratify  the  Air  ICO  times.  Firft  feek  the  Number  that 
will  do  it  when  the  Receiver  is  equal  to  the  Barrel ; 
which  I  find  by  the  firft  Table  is  6  Turns,  and  644 
Parts  of  xooo  of  another.  Then,  againft  10  in  the 
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fecond  Table,  I  find  the  Multiplier  7,273,  by  which 
if  I  multiply  6,644,  I  (hall  have  a  Product  48,322, 
which  will  exprefs  the  Number  of  Turns  required. 

9.  The  Afcent  of  the  Quickfilver  in  the  Gage  of  the 
Common  Pump  is  proportional  to  the  Quantity  of  Air 
drawn  our,  either  upon  the  Whole,  or  upon  any  fingle 
Turn  of  the  Winch  :  And  the  Deficiency  from  the 
Standard  Altitude  of  29  *  Inches  is  always  proportional 
to  the  Quantity  of  Air  remaining  in  the  Receiver  ;  as 
may  be  eafily  deduced  from  what  has  been  faid  of  the 
Denfity ,  Spring ,  and  PreJJure  of  the  Air. 

10.  The  Gage  of  a  Condenfer  will  have  the  Spaces 
unpofiefs’d  of  Qxiickfilver  at  the  End  decreafing  in  Har - 
monical  Proportion  :  For  fince  equal  Quantities  of  Air 
are  injected  by  the  Syringe  at  each  Stroke  of  the  Pifton, 
the  Quantity  of  Air  in  the  Condenfer  will  increafe  in 
Arithmetical  Progreffion,  and  fo  will  its  Denfity,  and 
of  ccurfe  the  Denfity  of  that  in  the  End  of  the  Gage, 
becaufe  the  Quickfilver  is  prefled  on  each  Side  equally  j 
but  the  Spaces  diminifh  as  the  Denfities  increafe,  as  we 
have  elfewhere  {hewn.  Therefore  tie  Spaces  are  in- 
verfely  as  a  Scries  of  Terms  in  Arithmetical  Progr  ejfion,  and 
confequently  are  in  Mufical  Proportion  ;  for  that  this  is 
a  Property  of  Mufical  Terms  will  be  {hewn  in  Annotat . 
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LECTURE  VII. 

'  v.  •  \ 

The  DoSirine  of  Winds  and  Sounds. 

Of  Wind  in  general.  'The  Theory  of 
Winds  by  Dr.  Halley.  Of  the  conjlant , 
or  General  Trade  Winds  5  of  the  Mon¬ 
soons  ;  the  Caufe  of  Variable  W  inds. 
Of  Aerial  Tides.  Of  the  Velocity 
o/’Wind.  Of  the  Momentum  or  Force 
o/Wind.  ^Calculation  thereof  and 
its  Application  to  the  Sails  of  a  Wind- 
Mill.  The  bejl  Form  and  Position  of 
the  Sails.  A  Calculation  of  the 
Force  of  Bellows  in  impelling  Wind. 
A  new  Invention  of  Water-Bellows. 
The  Nature  of  Sound  in  general.  The 
Sensation  c/’Sounq.  The  Organ  of 
Hearing  defcribed.  Of  the  Waves  or 
Pulses  of  Air.  Their  Various  Proper¬ 
ties  explain'd.  The  Newtonian  Doc¬ 
trine  of  Vibrations  and  Tremors  of 
Sounding  Bodies  explain'd.  The  Waves 
of  W  ater  accounted  for.  Of  the  Velo¬ 
city  of  Sounds.  The  Distance  to 
which  they  may  be  heard.  Of  Echos. 
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Of  Winds  and  Sounds. 

Of  the  Speaking  Trumpet  of  the  befi 
Form.  Of  Otacoustic  Instruments. 
Of  the  Note,  Tone,  or  Tune  o/’Sounds. 
Of  Concords  and  Discords;  //^Ra¬ 
tionale  of  the  Diatonic  Scale  of 
Music.  The  Mathematical  Theory  of 
Musical  Chords,  and  of  Harmonic 
Proportions.  Of  the  Sympathetic  Vi¬ 
brations  of  Musical  Strings,  and 
other  Bodies . 

IN  this  Le61ure  I  fhall  confider  the  Na¬ 
ture  of  Wind  and  Sound  in  general; 
and  of  the  Vibrations  of  Mufical 
Strings  and  Sonorous  Bodies ,  with  Regard  to 
the  Science  of  MUSIC. 

WIND  is  a  Stream  or  Current  of  Air  : 
As  the  Air  is  a  Fluid,  its  natural  State  is 
that  of  Ref,  which  it  endeavours  always  to 
keep  or  retrieve  by  an  univerfal  Equilibrium, 
of  all  its  Parts.  When,  therefore,  this  na¬ 
tural  Equilibrium  of  the  Atmofphere  hap¬ 
pens  by  any  means  to  be  delfroy’d  in  any 
Part,  there  necelfarily  follows  a  Motion  of 
all  the  circumjacent  Air  towards  that  Part, 
to  reftore  it  ;  and  this  Motion  of  the  Airis 
what  we  call  Wind.  (XCVII.) 

(XCVII.)  i.  I  fhall  here  give  the  principal  Pheno¬ 
mena  of  the  Wind,  as  they  are  deduced  from  Dr. 
Halleys.  admirable  Hiflory  thereof  in  the  P hilofopbical. 

Hence, 
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Hence,  withrefpett  to  that  Place  where 
the  Equilibrium,  of  the  Air  is  difturb’d,  we 

< Tranfaffiom ,  and  illuftrate  the  fame  by  his  Map  of  the 
World  drawn  up  for  that  Purpofe. 

2.  The  fir  ft  is,  That  in  the  great  Pacific  or  Wcfiern  Plate 
Ocean,  the  Atlantic  and  Ethiopic  Seas,  there  is  a  general  XXXI. 
Latterly'  Wind  all  the  Year  long,  without  any  confi- 
derable  Variation  ;  excepting  that  it  is  fubjed  to  be  de¬ 
flected  therefrom  lome  few  Points  of  the  Com  pals  to¬ 
wards  the  North  or  South, '  according  to  the  Situation 

of  the  Place.  The  Reafon  is,  becaufe  the  Parts  under 
the  Equator  are  more  heated  and  rarified  than  any 
others,  as  above  mentioned. 

3.  The  Second  is,  That  on  each  Side  the  Equator, 
to  about  27  or  30  Degrees,  the  Wind  does  more  and 
more  decline  from  the  Eaft  to  the  North-Eaft  on  one 
Side,  and  South-Eaft  on  the  other  ;  occafion’d  by  the 
two  contrary  Motions  of  the  Air,  aiifing  from  Heat  and 
Cold,  as  above  explain’d.  Thefe  Winds  are  indicated 
by  the  Pofition  of  the  Arrows  in  the  Atlantic  and  Pacific 
Ocean  in  the  Map. 

4.  Towards  the  Caribbee  Iflands,  on  the  American 
Side  of  the  Atlantic  Ocean,  the  aforefaid  North-Eaft 
Wind  becomes  ftill  more  and  more  Eafterly,  fo  as 
fometimes  to  be  Eaft,  fometimcs  Eaft  by  South,  but 
moftly  Northward  of  the  Eaft  a  Point  or  two,  feldom 
more.  It  is  likewife  obferved  that  the  Strength  of  thefe 
Winds  does  gradually  decreafe  as  you  fail  to  the  Weft- 
ward. 

5.  All  along  upon  the  Coaft  of  Afirica  on  the  Wefterrt 
Side,  the  Wind  fets  in  upon  the  Land  from  various 
Points  of  the  Compafs,  North-Weft,  Weft,  South  by 
Weft,  South- Weft,  and  almoft  South,  efpecially  to¬ 
ward  the  Cape  ofi  Good-Hope ,  all  which  is  eahly  (een  in 

the  Map.  ,  xT  ,  e  , 

6.  In  the  Atlantic  Ocean,  towards  the  North  of  the 
Line,  between  a  and  10  Degres  of  Latitude,  and  20 
and  30  of  Weft ‘Longitude,  there  is  a  Traft  of  Sea 
where  the  Winds  are  not  properly  faid  to  be  confiant  on 
variable ;  for  it  feems  to  be  condemned  to  perpetual 

fee 
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fee  the  Wind  may  blow  from  every  Point 
of  the  Compafs  at  the  fame  time  ; .  and 
thofe  who  live  Northwards  of  that  Point 
have  a  North  Wind  ;  thofe  who  live  South¬ 
wards,  a  South  Wind  ;  and  fo  of  the  reft  :  [ 

But  thofe  who  live  on  the  Spot,  where  all  [ 

thofe  Winds  meet  and  interfere,  are  opprefted  , 

with  turbulent  and  boifterous  Weather, 
Whirlwinds  and  Hurricanes  j  with  Rain,  ; 

L’empejl,  Lightning ,  L bunder,  &c.  For  i 

Sulphureous  Exhalations  from  the  South,  Tor-  [ 

rents  of  Nitre  from  the  North ,  and  aqueous  1 1 
Vapours  from  every  Part,  are  there  confu-  i 
fedly  huddled  and  violently  blended  toge¬ 
ther;  and  rarely  fail  to  produce  the  Ph<z-  ji 
nomena  abovementioned. 

Calms ,  attended  with  terrible  Thunder  and  Lightning, 
and  Rains,  fb  frequent  that  our  Navigators  from  hence 
call  this  Fart  of  the  Sea  the  Rains,  as  by  others  they 
are  called  the  Calms  and  Tornadoes,  as  in  moft  of 
our  common  Maps.  The  Realon  of  this  feems  to  be, 
that  this  being  the  Place  where  the  Eafterly  and  Wefter- 
ly  Winds  commence,  the  Air  is  divided  and  held  as  it 
were  in  Equilibria  between  both  ;  by  which  means  it  is  ( 
render’d  more  rare  than  the  reft,  and  too  light  to  fu- 
ftain  the  Vapours  raifed  into  it,  fo  that  it  lets  them  de¬ 
scend  in  continual  Rains.  See  the  Parting  of  the  Air  in 
the  Map. 

7.  In  the  Indian  Ocean  the  Winds  are  partly  Gene¬ 
ral,  as  in  the  Atlantic  and  Ethiopia  Oceans  ;  and  partly 
Periodical ,  that  is,  fuch  as  blow  one  Half  of  the  Year 
ong  Way,  and  the  other  Half  of  the  Year  near  upon 
the  oppofite  Points  :  And  thefe  Points  and  Times  of 
fluffing  are  different  in  different  Parts  of  this  Ocean. 

Many 


Of  Winds  and  Sounds. 

Many  are  the  particular  Caufes  which 
produce  Wind  by  interrupting  the  Equi- 
poifeof  the  Atmofphere  3  but  the  mod:  ge¬ 
neral  Caufes  are  two,  viz.  Heat,  which, 
by  rarifying  the  Air,  makes  it  lighter  in  fome 
Places  than  it  is  in  others  3  and  Cold, 
which,  by  condenfmg  it,  makes  it  heavier. 
Hence  it  is,  that  in  all  Parts  over  the 1 Torrid ! 
Zone ,  the  Air  being  more  ratified  by  a 
greater  Quantity  of  the  Solar  Rays,  is  much 
lighter  than  in  the  other  Parts  of  the  At¬ 
mofphere,  and  moft  of  all  over  the  Equa¬ 
torial  Parts  of  the  Earth.  And  fmce  the 
Parts  at  the  Equator  are  moft  ratified 
which  are  near  the  Sun  3  and  thofe  Parts 
are,  by  the  Earth’s  diurnal  Rotation  Eaft- 
ward,  continually  fhifting  to  the  Weft\  it  fol- 

Thefe  Winds  are  called  by  Seamen  Monfons  or  Mon* 
foons. 

8.  Between  10  and  30  Degrees,  from  Madagascar 
to  New-Holland ,  the  general  Trade-Winds  about 
South-Eaft  by  Eaft  are  found  to  blow  all  the  Year  long 
in  the  fame  Manner,  and  for  the  fame  Reafons  as  in 
the  other  Oceans  above-mentioned. 

During  the  Months  of  May,  June ,  July ,  Auguji,  Sep¬ 
tember,  October,  the  aforefaid  South-Eaft  Winds  extend 
to  within  two  Degrees  of  the  Equator  ;  after  this,  for 
the  other  fix  Months,  the  contrary  Winds  fet  in,  and 
blow  from  the  North-Weft  from  the  Latitude  of  3  to 
10  Degrees  South. 

10.  From  about  three  Degrees  South  Latitude,  over 
all  the  Arabian  and  Indian  Seas  and  Gulph  of  Bengal, 
from  Sumatra  to  the  Coaft  of  Africa,  there  is  another 
Monfoon,  blowing  from  Oftober  to  April  on  the  North- 
Eaft  Points  3  but  in  the  other  Half-Year,  from  April 

lows, 
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lows,  that  the  Parts  of  the  Air  which  lie 
on  the  Weji  Side  of  the  Point  of  greateji 

to  October,  from  the  oppofite  Points  of  South-Weft 
and  Weft-South-Weft,  and  that  with  rather  more 
force  than  the  other,  accompanied  with  dark  rainy 
Weather,  whereas  the  North  Eaft  blows  clear. 

11.  The  Sea  between  Madagafcar  and  Africa,  and 
Southwards  to  the  Equator,  is  fubjedt  to  the  fame  Change 
of  Wind,  or  Monfoons,  whofe  Courfe  from  April  to 
Oflober  is  SouthiSouth-Weft  ,  which,  as  you  go  more 
Northerly,  becomes  more  and  more  Wefterly,  till  at 
laft  they  fall  in  with  the  Weft-South-Weft  Wind? 
mentioned  in  the  laft  Articles.  What  Winds  blow  the 
other  Half-Year  in  thofe  Parts,  the  Dodfor  could  not 
obtain  any  fatisfadlory  Account  of  ;  only  that  they  were 
Eafterly,  and  as  often  to  the  North  as  to  the  South¬ 
ward  thereof. 

12.  To  the  Eaftward  of  Sumatra  and  Malacca ,  on 
the  North  Side  of  the  Equator  along  the  Coaft  of  Cam¬ 
bria  and  China ,  the  Monfoons  blow,  and  change  at  the 
fame  Times  as  before ;  only  their  Diredfions  are  much 
more  Northerly  and  Southerly  than  the  others, as  is  eafy 
to  obferve  in  the  Map.  Thefe  Winds  reach  to  the 
Philippine  lftands  Eaftward,  and  to  Japan  Northwards  ; 
and  are  not  fo  conftant  to  their  Points  as  the  others 
above  mentioned. 

13.  Between  the  fame  Meridians,  on  the  South  Side 
the  Equator,  from  1 Sumatra  to  N civ  Guinea  Eaftward, 
the  fame  Northerly  and  Southerly  Monfoons  are  obfer- 
ved  ;  only  the  Northerly  are  here  North-wefterly,  and 
the  Southerly  blow  from  the  South-Eaft.  They  are 
not  more  conftant  than  the  others ;  and  befides,  they 
keep  not  the  fame  Times,  but  change  a  Month  or  fix; 
Weeks  later. 

14.  The  Shifting  of  thefe  contrary  Winds,  or  Mon* 
foons,  is  notali  at  once  ;  and  in  fome  Places  the  Time 
of  the  Change  is  attended  with  Calms ,  in  others  with 
variable  Winds ,  and  particularly  thole  of  China ,  at 
ceafing  to  be  Wefterly,  are  very  fubjedt  to  be  tempeftu- 

Rare- 
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Rarejaffion,  and,  by  flowing  towards  it, 

meet  it,  have  lefs  Motion  than  thofe  Parts 

' 

ous  ;  and  fuch  is  their  Violence,  that  they  Teem  to  be 
of  the  Nature  of  the  IVeJl-lndia  Hurricanes,  and  render 
the  Navigation  of  thofe  Parts  very  unfafe  at  that  Time 
of  the  Year.  Thefe  Tempefts  the  Seamen  call  the 
Breaking  up  of  ibe  Monfoom. 

15.  The  Caufe  of  the  Monfoons,  or  periodical 
Winds,  isowing  to  the  Courfe  of  the  Sun  Northward 
of  the  Equator  one  Half  of  the  Year,  and  Southward 
the  other.  While  he  paffes  through  the  fix  Northern 
Signs  of  the  Ecliptic,  the  various  Countries  of  Arabia , 
Perfia ,  India ,  and  China  are  heated,  and  refledt  great 
Quantities  of  the  Solar  Rays  into  the  Regions  of  the 
ambient  Atmofphere,  by  which  Means  it  becomes 
greatly  rarified,  and  has  its  Equilibrium  of  courfe  de- 
ftroyed  ;  to  reftore  which,  the  Air,  as  well  from  the 
Equatorial  Parts  Southwards,  where  it  is  colder,  as 
from  the  colder  Northern  Climes,  muft  necefTarily  have 
Tendency  or  Motion  towards  thofe  Parts,  and  fo  pro¬ 
duces  the  Monfoons  for  the  firft  fix  Months,  during 
which  Time  the  Heat  of  thofe  Countries  isgreateft. 

16.  Then  for  the  other  fix  Months,  the  Sun  tra- 
verfing  the  Ocean  and  Countries  towards  the  Southern 
Tropic,  while  in  the  fit  Southern  Signs,  caufes  the  Air 
over  thofe  Parts  to  be  now  moft  heated  and  rarified  ; 
and  confequently  the  Equatorial  Air  to  alter  its  Courfe, 
or  the  Winds  to  veer  quite  about,  and  blow  upon  the 
oppofite  Points  of  the  Compafs. 

17.  Thefe  are  the  general  Affedlions  of  conflant  and 
regular  Winds  ;  none  of  which  are  found  not  fub- 
jedt  to  fome  Variation  and  Exception,  on  account  of  the 
different  Circumftances  of  Heat,  Cold,  Land,  Water, 
Situation,  &c.  concerning  all  which  I  (hall  refer  the 
Reader  to  the  Dodtor’s  own  large  hiftorical  Account  of 
the  Winds,  publifhed  in  the  TranfaAions,  or  Mifcel- 
lanea  Curiofa,  Vol.  I. 

1  8,  From  what  has  been  faid,  ’tis  eafy  to  underfiand, 
that  fince  fo  large  a  Portion  of  the  Atmofphere  as 


on 


Of  Winds  and  Sounds. 

on  the  Eaft  of  the  faid  Point,  which  follow  | 
it  j  and  therefore  the  Motion  of  the  Eaft-  ;  ^ 

is  over  the  Torrid  Zone,  and  Parts  about  it,  is  in 
fuch  continual  Agitation  and  alternate  Motion,  thofe  j 
Agitations  in  an  elaftic  Fluid  mud  extend  every  way 
to  a  great  Diftance,  and  produce  EffeCts  of  the  fame 
Kind  .in  a  various  Manner  ;  by  which  means  the  Air  ; 
in  all  other  Latitudes  and  Climes  will  fuffer  a  Pertur- 
bstion  more  or  lefs.  and  have  a  perpetual  Tendency  to 
Motion  in  various  Directions,  depending  on  the  Situa¬ 
tion  of  Country,  the  Degrees  of  Heat  and  Cold  in  the 
Climate,  the  Pofition  of  Hills,  Vales,  &c.  befides  ; 
what  may  be  owing  to  the  Accenfion  and  Explofion  of 
Meteors,  the  Eruption  of  Subterranean  Air,  and  a  1 
hundred  other  Caufes  ;  I  fay,  from  all  this  it  is  eafy  to  j 
infer,  that  our  Climate ,  wherever  we  live ,  mu  ft  necejja- 
r'tly  be  attended  ivith  variable  IVinds,  a'mfl perpetually. 

ig.  I  (hall  only  add  farther,  that  fince  the  Atmof- 
phere  is  a.  gravitating  fluid  Subjlance,  it  mud  be  fubjeCt 
to  the  attracting  Power  of  the  Sun  and  Moon,  as  well 
as  of  the  Earth  :  and  therefore  when  the  Influence  of 
thofe  Luminaries,  either  fmgly  or  conjointly,  is  oppo- 
fite  to  that  of  the  Earth,  the  fame  Effects  muff  follow  i 
in  the  Body  of  fluid  Air,  as  we  have  fhewn  were 
produced  in  the  ambient  Fluid  of  Water,  viz.  that  the 
Atmofphere  fhall  be  of  an  oblong  Figure,  or  of  diffe¬ 
rent  Altitudes  in  different  Parts  ;  and  that  thefe  Tides  of 
Air  have  nearly  all  the  fame  Affections  with  thofe  of 
the  Ocean  before  explain’d,  excepting  only  in  this,  that 
they  mult  be  as  much  greater  as  the  Deniity  of  Water  - 
exceeds  that  of  Air,  viz.  in  the  Ratio  of  860  to  1 . 

20.  Now  becaufe  of  an  Equality  of  Preffure  or  Weight 
in  the  Atmofphere  in  unequal  Altitudes  of  Air,  we  can 
never  be  fenfible  of  an  Aerial  Tide ,  either  of  Ebb  or 
Flood ,  by  the  Barometer  ;  and  can  only  know  it  by  the 
Pofition  of  the  heavenly  Bodies.  However  as  this  pro¬ 
digious  Protuberance  of  the  Atmofphere  is  conftantly 
following  the  Moon,  it  mull  of  couife  produce  a  Mo¬ 
tion  in  all  Parts,  and  fo  produce  a  Wind  more  or  lefs  to 
every  Place,  which,  as  it  confpires  with,  or  is  oppofed 
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ern  Air  would  prevail  againft  that  of  the 
Weftern  Air ,  and  fo  generate  a  continual 
Eaft  Wind,  if  this  were  all  the  Effedfs  of 
that  Rarefaction.  But  we  are  to  con- 
flder,  that  as  all  the  Parts  of  the  Atmof- 
phere  are  fo  greatly  rarified  over  the 
Equator,  and  all  about  the  Poles  great¬ 
ly  condenfed  by  extreme  Cold,  this  hea¬ 
vier  Air  from  either  Pole  is  conftantly 
flowing  towards  the  Equator,  to  reftore  the 
Balance  deftroy’d  by  the  Rarefaction  and 
Levity  of  the  Air  over  thofe  Regions  : 

Hence,  in  this  refpedt  alone,  a  conflant 
North  and  South  Wind  would  be  generated 
(XCVIII). 

to  the  Winds  arifing  from  other  Caufes,  makes  them 
greater  or  lefs.  And  I  believe  fomething  of  this  may 
be  deduced  from  Obfervations  made  of  the  State  of  the 
Air  at  the  Times  of  the  New  and  Full  Moons.  And  that 
this  was  the  Cafe  in  refpect  to  the  two  laft  great  Storms, 

Dr.  Mead  has  obferved  in  his  T raft  De  Imperio  Solis 
&  Luncs.  . 

(XCVIII.)  x.  I  find  by  Experience,  that  People  have 
in  general  but  an  obfcure  Idea  or  confuted  Notion  of 
the  Caufe  of  this  perpetual  Current  of  Air  from  Eaft  to 
Weft,  or  of  a  conftant  Eaft  Wind  under  the  Equator  ; 
therefore  in  order  to  elucidate  this  Matter,  I  fliall  repre- 
fent  it  in,  and  explain  it  by,  a  Figure.  LetCBADE  Plate 
be  Part  of  a  Sedfion  of  the  Atmofphere  over  the  Equa-  XXX  If. 
tor,  C  the  Eaft,  E  the  Weft,  A  the  Point  to  which  the  jrj0.i  { _ 
Sun  S  is  vertical,  and  R  the  Point  of  greateft  Rarefac¬ 
tion,  or  that  where  the  Air  is  moll  of  all  heated,  and 
confequently  lighteft. 

4  Now 

'  r 
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Now  it  is  eafy  to  underftand,  that  by  £ 
Compofition  of  thefe  two  Dire&ions  of  the 

2.  That  this  Point  R  is  on  the  Eaftern  Side  of  the 
Point  A  is  not  difficult. to  be  conceived,  when  what  is 
faid  concerning  the  Tide  in  Annot.  LXXXI  V.  is  well 
Plate  confider’d.  And  becgufe  the  Air  at  R  is  by  Suppoh- 
"V XXII  tion  lighter  than  where  it  is  colder  at  C  and  D,  it  is 
v-  ,  plain  that,  in  order  to  maintain  an  Equilibrium,  (which 
S‘  '  isneceffary  in  a  fluid  Body)  the  A.r  by  its  greater 
Weight  will  have  a  Tendency  from  C  and  D  towards 
R,  and  rife  to  a  Height  there  greater  than  at  C  or  D, 

in' Proportion  as  its  Denfity  is  iefs. 

Now  this  being  the  Cafe,  it  is  evident,  the  bun 
being  always  between  the  Points  R  and  D,  will  be 
heatin-  the  Air  on  that  Part  ;  and  thofe  Regions  be¬ 
tween^  and  C,  having  been  deferted  by  the  Sun,  will 
grow  cold  :  Confequently,  the  Air  between  C  and  K, 
as  it  is  colder,  will  likewife  be  heavier  than  that  between 
R  and  D  which  is  hotter,  and  fo  will  have  a  greater 
Momentum,  or  Quantity  of  Motion,  towards  the  1  oint 
R  •  and  fince  this  Point  R  is  conftantly  moving  after 
the’  Point  A  Weltward,  the  Motion  of  the  Weftern  Air 
towards  it  will  be  in  Part  diminifhed  by  that  Means; 
and  being  all'o  inferior  in  Quantity  to  the  Motion  of 
the  Eaftern  Air,  the  latter  will  prevail  over  it,  and  be 
conftantly  following  the  faid  Poinf  R  from  Eaft  to 
Weft,  and  thus  produce  a  continual  tajt  Wind. 

4.  It  may  perhaps  be  here  faid,  that  though  the  Mo¬ 
tion  of  the  Air  be  lefs  from  D  to  R,  yet  it  is  fomethmg, 
and  fo  there  ought  to  be  a  Weftern  Wind,  at  leaft  ih 
fome  Degree,  and  to  fome  Diftance  Weftward  of  the 
Point'  R§  To  which  I  anfwer,  That  the  Nature  of  a 
Fluid  will  not  permit  two  contrary  Motions  to  reftore  or 
fuftain  an  Equilibrium,  (I  mean  in  regard  of  the  who  e 
Body  of  it)  for  wherever  one  Part  of  the  Fluid  is  deter- 
rmned  to  move,  all  the  reft  muff  neceffanly  follow  it; 
otherwife  the  Equilibre  of  the  Air  would  be  deftroyed 
in  one  Part,  to  make  it  good  in  another;  a  Defect 
which  Nature  cannot  be  guilty  of.  Thus  we  fee  th 
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Air  from  the  Eajl  and  North,  a  conjlant 
North-Eaji  Wind  will  be  generated  in  the 
Northern  Hemifphere,  and  a  conjlant  South- 
Eajl  Wind  in  the  Southern  Hemifphere,  to 
a  certain  Diftance  on  each  Side  the  Equa¬ 
tor,  all  round  the  Earth.  And  this  Cafe 
we  find  to  be  verified  in  the  General  Trade 
Winds ,  which  conftantly  blow  from  the 
North-Eaji  and  South-Eajl ,  to  about  30  De¬ 
grees  on  each  Side  the  Equator,  where 
thofe  Parts  are  over  the  open  Ocean,  and 
not  affected  with  the  Reflection  of  the  Sun- 
Beams  from  the  heated  Surface  of  the  Land} 
for  in  this  Cafe  the  Wind  will  always  fet 
in  upon  the  Land,  as  on  the  Coaft  of 
Guinea ,  and  other  Parts  of  the  Torrid  Zone , 
we  know  it  does  (XCIX.) 

Tides  of  the  Ocean  always  follow  the  Courfe  of  the 
Moon  from  Ealt  to  Weft,  without  any  Motion  of  the 
Waters  from  the  Weft  towards  the  Moon,  in  the  open 
Oceans  :  And  the  Point  R  can  only  be  confidered  as 
the  Aerial  Tide ,  or  Flood  of  High  Air  ;  and  has  nearly 
the  fame  Phenomena  with  aqueous  Tides. 

5.  This  being  clearly  underftood,  all  the  reft  is  eafy; 
for  no  one  can  find  it  difficult  to  conceive  how  the  cold 
Air  from  each  Pole  muft  neccfi'arily  fet  in  towards  the 
Equator  diredlly,  where  meeting,  and  interfering  with 
the  Eaftern  Current,  it  does  with  that  compound  a  new 
Diredionfor  the  moving  Air,  which  lies  between  both 
the  former,  viz.  a  North  Eajl  Current  on  the  North 
Side,  and  a  South  Eajl  one  on  the  South  Side  :  All 
which  naturally  refults  from  the  Dodlrine  of  the  Cotnpo- 
fition  of  oblique  Forces.  (See  Annot.  XXI  V.) 

(XCIX.)  Mr.  Clare,  in  his  Motion  of  Fluids,  has  a 
very  pertinent  Experiment  for  illuftrating  this  Matter. 
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As  the  Motion  of  the  Air  has  a  greater 
or  lefl'er  Velocity,  the  Wind  is  Jlronger  or 
<3 weaker  ;  and  it  is  found  from  Obfervation, 
that  the  Velocity  of  the  Wind  is  various,  j 
from  the  Rate  of  i  to  50  or  6  o  Miles  per 
Hour  (C).  \ 

It  is  thus  :  Let  there  he  a  very  wide  Difh  or  Veflel  of  j 
Water,  in  the  Middle  of  which  is  to  be  placed  a  Water-  a 
Plate  fill’d  with  warm  Water  ;  the  firft  will  repreferrt  , 
the  Ocean,  the  other  an  Ifiand  rarifying  the  Air  above  ,  ) 
it.  Then  holding  a  Candle  over  the  cold  Water,  blow  j 
it  out,  and  the  Smoke  will  be  fetn  to  move  towards 
the  warm  Plate,  and  riling  over  it  will  point  out  the 
Courfe  of  the  Air  from  Sea  to  Land.  And  if  the  am-  ,i 
bient  Water  be  warm’d,  and  the  Plate  fill’d  with  cold  { 
Water,  and  the  fmoaking  Wick  of  a  Candle  held  over  ; 
the  Plate,  the  contrary  will  happen.  j 

(C  )  r.  The  Experiment  to  prove  this,  is  to  chufe  ] 
a  free  open  Place,  where  the  Current  of  Air,  or  Wind,  , 
is  not  at  all  interrupted,  but  flows  uniformly,  or  as  ( 
much  fo  as  the  undulatory  State  of  the  Atmofphere  will  ) 
admit;  in  fuch  a  Place,  a  Feather,  or  fome  very  light  ' 
Body,  is  to  be  let  go  in  the  Wind,  and  then  by  a  Half-  ■ 
Second  Watch,  or  Pendulum,  you  obferve  nicely  to§] 
what  Diftance  it  is  carried  in  any  Number  of  Half- i  j 
Seconds  ;  or  in  how  many  Half-Seconds  it  has  pafs’d  £  5 
over  a  given  or  meafured  Space  ;  this  will  give  the  Rate 
of  Velocity  in  the  Wind  per  Second,  and  of  courfe  per 
Hour. 

2.  The  late  Rev.  Dr.  Dcrham ,  who  was  moil  accu¬ 
rate  in  making  Experiments  of  this  Sort,  approves  of 
this  Method  before  that  of  the  Mola  alata  or  pneumat'ica 
invented  by  Dr.  Hook  (of which  fee  an  Account  in  the 
Philofophical  Tranfaciions ,  N  ’.  24.)  And  he  tells  us  (in 
N  3‘3-)  that  he  thus  meafured  the  Velocity  of  the 
Wind  in  that  very  great  Storm  of  1705,  Auguji  1  r.  i 
and  by  many  Experiments  he  found,  that  it  was  at  the 
Rate  of  33  Feet  per  Half-Second,  or  of  45  Miles  per 

Thus  , 
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Th  us  much  may  fuffice  for  a  general 
Account  of  the  Nature  and  Origin  of  Winds : 

Hour  ;  whence  he  concludes,  that  the  moft  vehement 
Wind  (as  that  of  1 703  in  November )  does  not  fly  at  the 
Rate  of  above  50  or  60  Miles  per  Hour ;  and  that  at  a 
Medium  the  Velocity  of  Wind  is  at  the  Rate  of  12  or 
1 5  Miles  per  Hour. 

3.  And  fometimes  the  Wind  is  fo  flow  as  not  to  ex¬ 
ceed  the  Velocity  of  a  Perfon  riding  or  walking  in  it  ; 
and  in  that  Cafe,  if  the  Perfon  goes  with  the  Wind, 
he  finds  no  Wind  at  all,  becaufe  there  is  no  Difference 
of  V elocity,  or  no  relative  Wind,  which  is  that  only 
that  we  are  fenfible  of  whilft  in  Motion  3  the  Reafon  of 
which  we  fee  in  Annot.  XX. 

4:  The  belt  Method,  that  I  know  of,  to  bring  the 
Force  of  the  Wind  to  a  Mathematical  Calculation  and 
Certainty,  is  by  the  following  new  contrived  Anemo¬ 
scope,  of  which  I  had  the  firft  Hint  from  the  late  inge-  pjate 
nious  Dr.  Burton.  ABCDEFGHIis  an  open  Frame  XXXII 
of  Wood,  firmly  fupported  by  the  Shaft  or  Poftern  I.  f 
In  the  two  Crofs  Pieces  H  K,  L  M,  is  moved  an  hori-  S 
zontal  Axis  Q_M,  by  means  of  the  four  Sails  a  b,  c  d, 
ef,  g  b,  in  a  proper  Manner  expofed  to  the  Wind. 

Upon  this  Axis  is  fixed  a  Cone  of  W  ood,  MNO;  upon 
which,  as  the  Sails  move  round,  a  Weight  S  is  raifed  by 
a  String  on  its  Superficies,  proceeding  from  the  fmall  to 
the  largeft  End  NO.  Upon  the  great  End  or  Bafe  of 
the  Cone  is  fixed  a  Ratchet-Wheel  i  k,  in  whofe  Teeth 
falls  the  Click  X  to  prevent  any  retrograde  Motion 
from  the  depending  Weight. 

5.  From  the  Strudlure  of  this  Machine,  ’tis  eafy  to 
underftand,  that  it  may  be  accommodated  to  eftimate 
i  the  variable  Force  of  the  Wind,  becaufe  the  Force  of 
the  Weight  will  continually  increafe,  as  the  String  ad¬ 
vances  on  the  conical  Surface,  by  acting  at  a  greater 
Diftance  from  the  Axis.  And  therefore,  if  fuch  a 
j  Weight  be  put  on,  on  the  fmalleft  Part  at  M,  as  will 
juft  keep  the  Machine  in  Equiiibrio  with  the  weakeft 
Wind  3  then  as  the  Wind  becomes  ftronger,  the  Weight 
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We  proceed  now  to  the  Doctrine  of  Sounds. 
We  know  by  the  Experiment  of  the  Bell 

will  be  railed  in  Proportion,  and  the  Diameter  of  the 
Bafe  of  the  Cone  NO  may  be  fo  large  in  Companfon 
of  that  of  the  final ler  End  or  Axis  at  M,  that  the 
ftrongeft  Wind  ftiall  but  juft  raife  the  Weight  to  the 
great  End. 

6.  Thus  for  Example,  let  the  Diameter  of  the  Axis 
be  to  that  of  the  Bafe  of  the  Cone  N  O  as  i  to  28, 
then  if  S  be  a  Weight  of  one  Pound  at  M  on  the  Axis,  it  . 
will  be  equivalent  to  28  lb.  or  \  of  an  Hundred,  when 
raifed  to  the  greateft  End.  If  therefore,  when  the 
Wind  is  weakeft,  it/upports  1  lb.  on  the  Axle,  it  muft 
be  28  times  as  ftrong  to  raife  the  Weight  to  the  Bafe  j » 
of  the  Cone.  Thus  may  a  Line  or  Scale  of  28  equal  . 
Parts  be  drawn  on  the  Side  of  the  Cone,  and  the 
Strength  of  the  Wind  will  be  indicated  by  that  Number 
therein  from  which  the  String  ftiall  at  any  time  hang. 

7.  Futheimore,  the  String  may  be  of  fuch  a  Size,  j 
and  the  Cone  of  fuch  a  Length,  that  there  fhall  be  16 
Revolutions  of  the  String  between  each  Divifion  of  the 
Scale  on  the  Cone  ;  fo  will  the  Strength  of  the  Wind 
be  exprefs’d  in  Pounds  and  Ounces.  And  if  greater!  , 
Exa&nefs  be  required,  let  the  Periphery  of  the  Cone’s 
Bafe  be  divided  into  16  equal  Parts,  then  whenever  the 
Equilibrium  happens,  the  String  will  leave  the  Conic 
Surface  againft  one  of  thofe  Divifions,  and  thus  fliew  thcl  f 
Force  of  the  Wind  to  a  Dram  Auerdupois  Weight. 

8.  Having  premifed  thus  much  relating  to  the  Struc-  , 
ture  and  Nature  of  the  Inftrument,  I  ftiall  now  proceed 
to  a  more  particular  Examination  of  the  Theory  of 
Wind-MilF,  by  re-aftuming  what  we  have  formeilyt  , 
faid  on  that  Head  (See  Annotat.  XLV.)  I  herefore  let 

/  m  (parallel  to  the  Axis  Q_M)  — a,  represent  the  whole 
Force  of  the  Wind  on  the  Sail ;  this  Force  is  reduced  to 
/»,  and  this  again  to  n  0,  which  adls  normally  to  the 
Axis,  and  turns  the  Sail.  Alio  we  have  fhewn,  that, 
putting  m  n—x,  this  Force  which  turns  the  Sail  is  ex- 

prefted  by--  5  and  that  when  it  was  a  Maximum 
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in  the  exhaufted  Receiver,  that  Sound  has 
a  neceffary  Dependance  on  the  Air  j  and 


;  a  a _  , 

jr=v/ - —  a  y/ 


and  the  Angle  1  m  540  44'. 


in  its 


3  3 

9.  Renee  we  obferve,  that  when  the  Mill  is 

greateft  Perfection,  /  n  —  y/ aa — xx  —  y/<*z  ■ 


—  a  lj>  hence  the  whole  Force  in  the  Direction 

3 

Im  is  to  the  fame  reduced,  in  the  Direction  ,/ w,  as 

2  ,  2 

lmz  to  tnz.  or  as  a~  to  —  a %  or  as  1  to—,  viz.  as  3 

3  3 

to  2. 

io.  ' Again,  the  whole  Force  in  the  Direction  /  m  is 
to  the  fame  a  fecond  Time  reduced  in  the  Direction  noy 

a':-: — x3 

as  a  z  to  - , 


a 

200 


to  a  a  y/dL,  or  as 
27 

nearly  ;  or,  the  Force  thus 
when  the 


that  is,  as  a 
.  5 


1  to  */J-= 

27  5'9  *3 

reduced  is  to  the  whole  Force  as  5  to  13, 

Sails  arepofited  in  the  belt  Manner. 

ti.  Nowin  order  to  determine  the  abfolute  Force 
of  the  Wind,  we  rriuft  compare  it  with  that  of 
Water,  as  follows.  Since  Air  and  Water  are  both 
Fluids,  if  they  move  with  equal  Velocities,  their  EffeCts 
in  a  given  Time  will  be  as  the  Quantities  of  Matter, 
that  is,  (putting  the  Roman  Letters  for  thofe  Particulars 
in  Water,  and  Italicks  for  the  fame  in  Air)  if  V  “  Vy 
then  E  :  E  ::  Mr  :  M.  But  in  equal  Quantities  of 
Ma:ter,  viz.  M  =  M,  their  EffeCts  will  be  as  the 
Squares  of  the  Velocities,  viz.  E  :  E  ::  V1  (  See 
Am  t.X LIX.  17.)  Therefore,  when  neither  the  Ve¬ 
locity,  nor  Malles  of  Matter  are  known,  the  EffeCts 
will  "  be  in  a  given  Time  in  a  Ratio  commanded  of 
both ;  that  is,  E  :  E  ::  MV1  :  MVX. 

12.  But  we  have  (hewn  M  :  M ::  DB  :  D  B,  (See 
Annot.  LVI.  9.)  therefore  E  DB  V1  :  DRVZ  in 
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if  we  retledt  on  the  Nature  of  the  Particles 
of  a  fonorous  Body  and  thofe  of  Air,  we 


a  given  Time.  Let  us  now  fupnofe  B=5  ;  then  be- 
caufe  D  :  D  ::  860  :  1,  (See  Annot.  LXXXIX.  6.) 
we  have  E  :  E  ::  860  Vz—  :  V1 ;  and  laftly,  if  we  fup- 
pofe  the  Effe&s  to  be  equal,  viz.  E —E,  then  we  have 
860  VZ=:VZ.  Therefore  if  we  put  Vzi,we  have  860 

= -Vz  ;  and  fo  Fa=v/86o=:29,326  ;  that  is,  The  Ve¬ 
locity  of  Air  ought  to  be  fomewhat  more  than  29  Times 
greater  than  that  oj  W iter  to  Jirike  a  given  Surface  with 
the  fame  Force. 

13.  Indeed  Mr.  Belidor  makes  V  ~  251,  becaufe 
he  has  ftrangely  miftaken  the  fpecific  Gravity  of  Air  to 


be 


— — ,  inftead  of  ~~  , 
040  860 


on  which  Account  all  his 


Calculations  on  this  Head  are  very  faulty.  If  V  denotes 
any  equable  Velocity  of  Water,  the  Height  H  of  a  Fall 
necefTary  to  produce  that  Velocity  is  thus  found.  As 

32  :  ^16  (  =  4)  ::  V  :  v/H  ;  or  thus,  As  1024 :  16  :: 
16V*  V* 

. . hav 


i 


V1  :  H  =— —  ~r~\  or  putting  V=i,we^je  H= 


1 

64* 


1024  64 

Now  a  cubic  Foot  of  Water,  whole  Height  is  r, 


ftrikes  with  a  Force  rc  62,5  lb  ;  therefore  the  Force  of 
a  Column,  whofe  Height  is  H,  linking  againft  a  Sur¬ 


face  of  one  Square  Foot  is  62,5  H  —  or  — — 

^  5  64  64 


when  the  Velocity  is  not  given. 


V 


14.  But  (by  Art.  12.)  V1  =  — — -therefore 
J  860 


V1 


860 


^2  c 

X  -  f  —  62,$H:=:o,976  lb.  the  Force  of  a  Stroke  of  a 


64 


Column  of  Water  whofe  Velocity  is  V  — r,  and  of  Air, 
whofe  Velocity  is  V—  29,3,  and  Height  H~ 5v  of  a 

V  x 

Foot;  therefore  ^-Xo,976=o, 001 13  V1  will  be  a 
conftant  Multiplier  to  reduce  the  Force  of  Wind  blow- 

fhall 
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fliall  find  that  Sound  is  nothing  but  the 
Propagation  of  the  Tremors  and  Vibra- 


ing  with  any  Velocity  V ,  on  any  given  Number  of  fquare 
Feet  or  Area  A,  to  Pounds  Averdupois  Weight.  For 
Example,  fuppofe  the  Velocity  of  the  Wind  at  the 
Rate  of  20  Feet  per  Second  ;  here  V  =  20,  and  V3,  — 
400,  and  0,001 1 3  Vx  —  0,001 13X400  —  0,452  of  a 
Pound  on  a  fquare  Foot  ;  and  therefore  on  10  fquare 
Feet  it  will  be  4,52  lb.  ;  on  xoo  fquare  Feet  it  will  be 
45,2  lb.-,  on  1000  452  lb. ;  and  fo  on. 

15.  Hence,  to  compute  the  Force  of  Wind  on  the 
Sails  of  a  Mill,  we  proceed  as  follows  :  Admit  the 
Length  of  a  Sail  be  30  Feet,  and  Breadth  6  Feet,  the 
Area  or  Surface  will  be  180  fquare  Feet,  and  4  X  180 
—  720  fquare  Feet,  the  Area  of  the  4.  Sails  ;  then  ad¬ 
mitting  the  Velocity  of  the  Wind  the  fame  as  before, 
viz.  20  Feet  per  Second,  the  Force  on  each  fquare 
Foot  is  0,4.52,  and  therefore  0,452X720=  325,44  lb. 
Thisis  the  abfolute  or  whole  Force  of  the  Wind  blow¬ 
ing  diredfly  on  the  Sails  :  But  fince  when  the  Sails  are 
fet  right,  this  Force  is  diminifhed  in  the  Ratio  of  13 


to  5, 


lb. 


therefore-^- X  32  5,44=125,17 

16.  Suppofe  the  Diftance  from  the  Axis  Q_to  each 
Sail  be  5  Feet,  then  will  the  Diftance  of  the  Centre  of 
Gravity  PQ_be  20  Feet;  therefore  20  X  125,17  = 
2503,4  lb.  the  mechanical  Force  of  the  Wind  on  the 
Sails  per  Second  to  produce  the  Effects  within  the  Mill, 
which  may  be  computed  as  in  the  Example  of  the  Wa¬ 
ter-Mill,  Annot.  XLIV. 

17.  To  reprefent  thefe  Things  more  generally,  let 
A  — Area  of  all  the  Sails,  V~  Velocity  of  the  Wind  ; 
then  o,coii  3  Vz  A=  abfolute  Force,  which  multiplied 


by  —  is  0,000435  T'ArzForce  reduced  by  the  oblique 

Pofition  of  the  Sails.  Now  fuppofe  a  Weight  W 
hanging  from  an  uniform  Axle,  whofe  Semidiameter  is 
d,  keep  the  Sails  in  Equ  librio  with  the  Force  of  the 
Wind  ;  then  D  being  the  Diftance  of  the  Center  of 

p  4  tions 
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tions  of  the  former  imprefs’d  on  the  latter, 
to  the  tympanum  or  Drum  of  the  Ear,  by  >j 


Plate 
XXXII. 
Fig.  3. 


Gravity  of  the  Sails,  we  have  D  :  d  ::  W  :  0,000433 
w  d  1 

VlA  —  F  —  q  • 

18.  But  becaufe,  when  the'Machine  is  in  its  greateft 
Perfe&ion,  the  Weight  it  is  charged  with  is  but  4  of 

W,  (See  Annot.  XL.)  therefore  |  W  F  = 

0,000193  Vz  A=P;  then  putting  rr=o, 000193, we  have 
rVz  Aa=P,  the  reduced  Force  for  the  greateft:  Effedt;  , 
p 

and — A,  the  Area  or  Surface  of  the  Sails  j  and 
r  Vz 

laftly,  F  the  Velocity  of  the  Wind,  which 

r  A 

therefore  may  be  found  by  having  A  and  P  given. 

19.  Let  ~  W =w,  the  Velocity  of  which  Weight  let 
be  u  \  then  t  V— Velocity  of  the  Centre  of  Gravity  of 

y 

the  Sails  :  then  —X  P —uXzvt  whence  any  one  of  the 
3  .  . 

four  Terms  may  be  found,  the  reft  being  given.  Alfo 

9  UUU 

P  - — —rVz  A,  or  gazu  =  r  V3  Aj  whence  again 

any  one  of  the  four  Quantities  A,  V,  zv,  a,  may  be 
found,  the  others  being  known.  See  farther  on  this 
Subject  my  New  Principles  of  Geography  and 
Navigation. 

20.  Since  the  Force  of  the  Machine  is  as  A  X  Vz  X 
D,  it  will  be  a  Maximum  when  AXD  is  greateft,  the 
Velocity  of  the  Wind  V remaining  the  fame  ;  and  if  A 
be  given,  the  Maximum  will  be  when  D  is  greateft  of 
all.  Hence  it  appears,  that  if  we  are  not  confined  to  a 
given  Diftance  from  the  Axis  Q_for  adjufting  the  Sails, 
we  may  difpofe  the  given  Surface  A  into  the  Form  of  an 
Ijofcehs  Triangle  in  each  Sail,  viz,  fuch  as  ABC  D,  in- 
ftead  of  the  equal  Parallelogram  Sail  a  b  c  d  in  common 
Ufe  ;  for  in  the  Triangular  Sail  the  Center  of  Gravity 
is  at  P,  and  its  Diftance  is  QP  5  whereas  in  the  Rec- 

the 
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the  Action  of  whofe  Membrane  they  are 
communicated  to  the  Air  in  the  internal 

tangular  Sail  abed  the  Centre  of  Gravity  is  in  the 
middle  Point/),  and  its  Diftance  is  Q p,  much  lefs 
than  before. 

21.  For  Example,  let  <2  ^  =  6  Feet,  and  be—  30  ; 
then  the  Area  A =30  Feet  fquare.  Let  Q_D  equal 
then  is  Q_/>=20=D,  and  AXD=6oo.  But  in  the 
Triangular  Sail  theDiftance  Q_P=35  =  D,  and  therefore 
AXD=i050.  The  Force  therefore  of  the  fame  Wind 
upon  the  fame  Quantity  of  Sail,  at  the  fame  Diftance 
QJ)  from  the  Axis,  in  the  Triangular  Sail  A  BCD, 
is  to  that  on  the  common  Sail  abed  as  1050  to  600, 
that  is,  Q_P  =  35  to  Q_/>  =  20,  or  as  7  to  4,  which 
therefore  is  nearly  twice  as  great.  The  Truth  of  all  is 
evident  by  Infpe&ion  of  the  Figure,  and  Annot.  XXXV. 
8,  9. 

22.  I  fuppofe  it  was  fome  Confideration  of  this  Kind 
which  led  Mr.  Parent  to  propofe  Sails  in  Form  of  FA  lip- 
tic  Seniors ;  for  the  Centers  of  Gravity  in  them  alfo  are 
removed  to  about  two  Thirds  of  their  Length,  and  are 
moreover  better  adapted  to  fill  a  circular  Space  when 

I  placed  oblique  to  the  Wind,  fo  that  no  Wind  be  loft 
when  you  would  take  in  all  that  falls  on  a  given  Space  or 
Area.  But  for  what  Reafon  he  fhould  declare  the 
tranfverfe  Pofition  of  the  common  Sail  to  be  more  ad¬ 
vantageous  than  the  longitudinal  one,  I  am  at  a  Lofs 
to  guefs.  However,  as  I  have  not  feen  any  thing  he 
has  wrote  on  the  Subje£t,  I  fhall  fay  no  more  of  the 
Matter. 

23.  As  it  would  be  endlefs  to  recount  all  the  various 
Ufes  which  are  or  may  be  made  of  this  moft  ufeful  uni- 
verfal  Element  of  Air,  both  for  Natural  and  Mechanical 
Purpofes  ;  1  fhall  content  myfelf  with  fetting  before  the 
Reader  the  Theory  of  that  moft  ufeful  domeftic  Inftru- 
ment  the  Bellows,  by  whofe  means  the  Action  of 

]  Fire,  or  Intercity  of  its  Heat,  may  be  increafed  to  a 
prodigious  Degree.  And  for  this  Purpofe  I  fhall  have 
recourfe  to  Dr.  Hales's  Statical  Ejjays.  Vol.  II.  Page 
329.  where  we  find  the  following  Computations. 

Ca^ 
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Cavities  of  the  Ear,  where  the  Auditory 
Nerve  receives  the  Impreffion,  and  ex- 

ft 

24.  The  Doctor  meafured  the  upper  Surface  of  a 
Pair  of  Smith’s  Bellows,  and  alfo  the  Space  they  de¬ 
fended  through  in  a  Second  of  Time  ;  by  which  he 
found  the  Quantity  of  Air  expell’d  in  that  Time  was 
495  Cubic  Inches  in  its  comprefs’d  State.  Now  to  ; 
find  what  Degree  of  Compreffion  it  fuffer’d,  he  fix’d  a 
Mercurial  Gage  to  the  Nofe  of  the  Bellows,  and  found  j 
the  Force  of  the  comprefs’d  Air  fufficient  to  raife  the 
Mercury  one  Inch  high,  at  a  Mean.  Hence  it  appear’d, 
that  the  Force  with  which  the  Bellows  impell’d  Air  into  ) 
the  Fire  was  of  the  Weight  of  the  Atmofphere. 

25.  Hence  alfo  it  follows,  that  the  Air  driven  thro’  the  1 
Nofe  of  the  Bellows  in  one  Second  was  more  than  495 
Inches  by  Part  of  that  Quantity,  viz.  by  16,5  Inches,  8 
which  added  to  the  former  make  5114  Inches  of  com¬ 
mon  Air.  To  find  the  Velocity  with  which  this  Air  ' 
was  imped’d,  he  meafured  the  Area  of  the  Orifice  of 
the  Nofe,  and  by  that  divided  the  495  Inches,  which 
gave  for  the  Quotient  825  Inches,  or  68,73  Feet,  for  ’ 
the  Length  of  the  Cylinder  of  Air  which  rulh’d  per  Se-  ' 
cond  thro’  the  Nofe  of  the  Bellows  ;  which  prodigious  ’ 
Velocity  of  Air  a&ing  conftantly  on  the  elaftic  re-atfing 
Particles  of  Fire  mult  immenfely  increafe  their  inteftine  j 
Motion,  and  proportionably  augment  the  Heat,  which 
confilts  therein,  and  from  which  all  our  Senfations  of' 
this  Kind  are  derived. 

26.  The  Dodtor  concludes  with  a  Query,  Whether 
if  the  Force  with  which  the  Air  is  imped’d  by  the  Bel¬ 
lows  into  the  Organ  Pipes  were  taken  in  this  Manner, 
we  might  not  eftimate  the  Velocities  of  the  Undulations 
of  Air  required  to  form  the  various  Notes  or  Sounds  ? 

The  Velocity  of  undulating  Air  to  that  of  Water  being 
as  their  Densities  inverfely,  nearly,  viz.  as  860  to  1,  as 
will  be  Ihewn  farther  on. 

27.  Mr.  Martin  Triewald  of  Sweden  has  lately  ex¬ 
hibited  a  new  Invention  for  producing  a  continual 
Stream  of  Air,  to  blow  the  Fire  of  great  Forges,  Foun- 
d erics,  &c.  and  which  may  properly  be  call'd  Water- 

cites 
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cites  the  Senfation  in  the  Common  Sen¬ 
sory  in  the  Brain  (Cl). 

Bellows  ;  for  the  Contrivance  is  two  hollow  Bell- 
form  V  eflels ,  fufpended  from  the  Ends  of  a  Lever, which 
is  put  into  Motion  by  a  Stream  of  Water  running  into 
two  Troughs,  both  uniting  or  joining  rather  at  the 
Stream,  fo  that  only  one  at  a  Time  can  receive  the 
Water;  which  running  to  the  larger  and  wider  End, 
laid  over  the  End  of  the  Lever,  does  by  its  Weight  carry 
the  Lever  down  on  that  Part,  till  by  defcending  the 
Water  all  runs  out  ;  and  then  the  other  Trough 
(which  was  filling  in  the  mean  time)  preponderates, 
and  forces  down  the  cither  End  of  the  Lever ;  and  thus 
the  Machine  is  conftantly  kept  in  Motion. 

28.  When  one  Arm  of  the  Lever  is  raifed,  the  Bell 
or  Bellows  hanging  from  it  will  be  raifed  above  the  Sur¬ 
face  of  Water  (in  which  the  Machine  is  placed)  that  it 
may  be  fill’d  with  Air.  Upon  the  Defcent  of  the  Lever, 
the  Bell  (  by  Weight  affix’d  to  it  )  defcends  into  the 
Water,  by  which  means  the  included  Air  is  greatly 
comprefs’d,  and  thereby  forc’d  to  pafs  through  a  long 
fmall  leathern  Tube,  going  from  the  Top  of  the  Bell 
to  other  metalline  Tubes,  which  convey  it  to  the  Fire. 
Thus,  by  means  of  thefe  two  librating  Bells,  a  con- 
ftant  Blaft  of  Wind  is  fupplied,  whofe  Velocity  may  be 
increafed  or  diminifhed  by-proper  Contrivances,  which 
the  Reader  may  fee  in  the  Pbihfophical  Tranfa5liomy 
together  with  a  Print  of  the  Engine. 

(Cl.)  1.  The  Structure  of  the  Ear,  with  its  admir¬ 
able  apparatus  to  conftitute  an  Organ  of  Hearings  is  well 
worth  the  Attention  of  every  Man.  The  external  Part 
is  adapted  for  taking  in  a  large  Portion  of  the  tremulous 
Air,  which  is  refle<£ted  ftrongly  by  a  fine,  elaftic,  tre¬ 
mulous  Cartilage,  and  by  this  means  it  is  convey’d 
more  denfe  and  elaftic  to  the  interior  Cavity,  or  Concha 
of  the  outward  Ear. 

2.  The  free,  hollow,  elaftic  Aperture  of  this  Cavity, 
conftru&ed  with  proper  Mufcles,  is  by  that  means  ca¬ 
pable  of  being  expanded,  contracted,  and  every  way 
adapted  to  receive  the  various  Tremors  of  the  Air  : 

For 


I 


220  '  Of  Winds  and  Sounds. 

For  the  Parts  of  a  fonoroiis  Body,  being 
put  into  Motion  by  Percuffion,  do  vibrate 

And  moreover  it  is  fo  difpofed,  that  it  is  able  more 
firmly  to  unite  and  condenfe,  or  more  laxly  to  difperfe 
or  rarify,  the  fame  aerial  Rays,  fo  as  to  accommodate 
itfelf  for  attemperating  a  Sound  too  ftrong,  and  aug¬ 
menting  it  when  too  weak,  as  Occafion  requires. 

3.  The  Meatus  Audhorius ,  confifting  partly  of  a  car¬ 
tilaginous  and  partly  of  a  bony  Pipe,  conveys  the  Sound 
towards  the  interior  Parts,  and  the  Obliquity  of  the 
Canal  increafes  the  Superficies,  and  confequently  mul¬ 
tiplies  the  Points  of  Refledtion.  Moreover,  the  trian¬ 
gular  cartilaginous  Tongue,  by  its  elaftic  tremulous 
Texture,  and  eredt  Pofition  in  the  Hollow  of  the  Concha, 
juit  over  the  Orifice  of  the  Auditory  Paffage,  caufes,  by 
an  egregious  Mechanifm,  that  all  the  Rays  of  Sound 
which  arrive  at  the  Ear  fhall  enter  the  faid  Paffage  ;  and1 
prevents  their  flying  out  again  by  any  Refledtions  what¬ 
soever.  Its  tubulous  cylindro-elliptical  Figure,  by  a 
ferpentine  Progrefs  firft  afcending,  then  defcending, 
and  then  afcending  again  till  it  terminates  in  the  Mem¬ 
brane  of  the  Tymparium ,  increafes  the  Refledtion  and 
Sound,  and  caufes  that  all  the  fonorific  Rays  fhall  at 
laft  fall  united  upon  the  central  Point  of  its  End  ;  hin¬ 
dering  at  the  fame  time  all  Senfation  of  a  confufed  and 
clangorous  Sound. 

4.  The  Membrava  Tympani ,  or  fine  Membrane  at 
the  End  of  the  Meatus  Audhorius ,  is  fo  obliquely  extend¬ 
ed  acrofs  the  Paffage,  as  above  to  make  an  obtufe 
Angle,  and  below  an  acute  one  with  the  faid  Meatus, 
Hence  the  Surface  is  increafed,  and  render’d  more  ca¬ 
pable  of  tremulous  Concufiions,  and  of  concentering 
the  Rays  upon  its  middle  Point. 

5.  This  Membrane  being  expanded  upon  and  con¬ 
nected  with  the  bony  Margin  of  the  Meatus ,  is  on  the 
fore  Part  (towards  the  Meatus)  concave,  and  convex 
behind  or  on  the  internal  Part,  where  it  is  applied  to  the 
Handle-Part  of  a  little  Bone  call’d  the  Malleus  or  Ham¬ 
mer,  whofe  Head  is  moveable  in  a  bony  Sinus  on  one  Part, 

for- 
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forwards  and  backwards  through  very 
fmall  Spaces,  by  their  elaftic  Quality.  In 

and  on  the  other  it  is  articulated  with  another  little  Bone 
call’d  the  Incus  or  Anvil,  which  freely  moves  in  that 
Articulation  ;  and  on  the  other  End  it  is  again  articulated 
with  a  little  orbicular  Bone,  and  with  the  Stapes  or 
Stirrop,  which  on  its  Bafe  Part  is  connected  to  a  Mem¬ 
brane  fpread  over  the  Foramen  Ovale  or  elliptic  Hole 
of  another  bony  Cavity  call’d  the  Vejllbulum. 

6.  But  as  it  will  be  impoffible  to  give  an  Idea  of  this 
wonderful  Conftrudlion  without  a  Print,  therefore  let  Plate 
AB  be  the  external  Ear  ;  C  its  Concha ,  or  Cavity  ;  DE  XXX1IL 
the  Meatus  Audit orius ,  which  in  Length  is  Tenths  Fig.  i. 
of  an  Inch,  in  Breadth  3,  and  in  Depth  4.  G  is  the 
Membrana  Tympavi ,  h  the  Handle  of  the  Malleus ;  k  the 

Incus,  and  i  the  orbicular. Bone  ;  n  the  Stapes,  and  r 
the  Vejlibulum  hollowed  out  of  the  Os  PetroJ'um ,  in  the 
Cavity  of  the  Labyrinth 

7.  In  the  Veftibule  weobferve  the  following  particu¬ 
lar  Conftrudlion  of  parts.  On  the  larger  Part  are 
three  femicircular  Canals  or  Conduits  O,  P,  Q_,  which 
communicate  by  five  Orifices  with  the  Cavity  of  the 
Veftibule  ;  they  are  of  a  bony  Subftance,  and  of  an  el¬ 
liptic  Cavity.  The  lefler  Part  of  the  Veftibule  com¬ 
municates  with  the  Cochlea,  or  fpiral  Fabric  S. 

8.  This  wonderful  Part  merits  particular  Notice,  and 

is  therefore  reprefented  by  itfelf  in  two  Figures  ;  where¬ 
in  is  Ihewn  the  bony  conical  Canal  ST,  making  i\  Re¬ 
volutions  round  a  bony  Cone  from  the  Bafe  to  the  Apex 
T.  This  fpiral  Cavity  is,  from  the  Bafe  S  to  the  Top  T, 
divided  by  a  tranfverfe  Septum,  or  Partition;  of  a  triangu¬ 
lar  Figure,  reprefented  by  Z  X.  This  on  its  Bafe  Part  ad-  p.^ 
hering  to  the  Cone  is  bony,  (which  is  Ihewn  by  a,  a,  a,)  3* 

and  is  of  an  elaftic  tremulous  Texture,  and  exceeding 
fmooth  or  polite.  The  exterior  Part  b,  b,  b,  is  of  a 
membranaceous  nervous  Texture,  whofe  Chords  or 

Fibres  lie  as  reprefented  in  the  Cut :  It  is  connedted  with 
the  bony  Bafe  on  one  Part,  and  with  the  Canal  on  the 
other,  lo  that  the  fpiral  Dudl  of  the  Cochlea  is  divided 

j  this 
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this  Action  they  affe£t  the  Particles  of  Air 
contiguous  to  them,  and  compel  them  up- 

into  two  equal  Cavities  without  any  Communication  ; 
with  each  other  ;  though  the  Orifice  of  the  fuperior  : 
Cavity  opens  into  the  Vejlibulum ,  and  the  other  is  (hut 
clofe  by  the  Membrane  of  the  Foramen  Ovale- 

9.  The  Auditory  Nerve  V  enters  the  Veftibule  by  - 

feveral  little  Holes  as  at  S,  and  forms  a  curious  Lining 
or  Tapis  all  over  the  infide  Surface  both  of  the  Vefti-  s 
bule  and  its  femicircular  Canals  O,  P,  Q_.  Thefe 
Nerves  alfo  pafs  into  the  Cochlea ,  and  entering  between 
the  two  Membranes  of  the  triangular  Zone,  or  Septumy 
Z  X,  do  there  divide,  and  branch  themfelves  out  into 
an  exquifite  membranous  Expanfion  on  each  Side  the  : 
fame,  which  thus  becomes  the  more  immediate  Organ  t 
of  Hearing.  J 

10.  This  Cavity  of  the  Veftibule  is  always  fill’d  with  \ 

an  elaftic  Air,  though  there  appears  no  vifible  Way  by  f 
which  it  can  enter.  Alfo  the  Labyrinth  or  Cavity  of 
the  Drum  is  fill’d  with  common  Air,  by  means  of  the 
Eu ft  a  chi  an  Duft  or  Tube,  as  M  N  ;  the  Orifice  M 
opening  into  the  Mouth,  and  N  into  the  Cavity  of  the  1 
Labyrinth.  jj 

1 1 .  Having  thus  premifed  a  Defcription  of  the  feve¬ 

ral  Parts,  we  {hall  the  better  apprehend  how  Sounds 
are  excited  in  the  Mind.  Thus  the  Pulfes  of  Air  enter-  ; 
ing  the  Meatus  Auditorius  DE  are  condenfed  by  various  ij 
Refledlions  through  the  Paflage  to  their  Incidence  on  the  . 
Membrana  Tympani  at  G,  which  is  render’d  more  or  lefs 
concave,  or  lax  and  tenfe,  by  the  Handle  h  of  the  Mai-  . 
leus,  actuated  by  its  proper  Mufcle.  By  this  means  the  ll 
Air  contain’d  in  the  Labyrinth  is  admitted,  expell’d,  t 
comprefs’d  or  rarified,  according  as  the  Eujlachian  Tube  tj 
is  opened  orfhut.  [ 

12.  The  Membrana  Tympani  G  being  thus  adapted 
for  receiving  the  Sounds  of  tremulous  harmonic  Bodies, 
and  modulating  the  internal  Air  of  the  Labyrinth,  can  I 
eafily  communicate  the  Impreffions  to  the  Incus  ky 
which  tranfmits  them  to  the  Os  Orbteulare  i ,  this  to  the 
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on  the  firft  Impulfe  to  move  forwards  al- 
fo  j  and  thofe  propel  the  next,  and  fo  on. 

Stapes  ti,  and  that  to  the  Membrane  of  the  Foramen 
Ovale  of  the  Ve/libulum  r. 

1 3.  This  Membrane,  by  fuch  an  Apparatus  of  Parts, 
may  be  intended  or  remitted  in  infinitely  different  De¬ 
grees,  fo  as  to  become  adapted  for  the  Tremors  of 
every  Sort  or  Degree  of  Sound ;  and  for  communicating 
them  to  the  internal  Air,  which  affedts  the  Nerves  every 
where  expanded  over  its  internal  Surface,  but  more  e- 
fpecially  the  nervous  Expanfion  of  the  Cochlea. 

14.  For  here,  as  we  have  fhewn,  the  Fibres  of  the 
Septum  Tranfuerfale ,  b,  b,  b,  are  contrived  like  fo  many 
Strings  of  an  Harpficord,  of  various  decreafing  Lengths, 
and  different  Odtaves,  that  fo  fome  or  other  of  them  may 
be  of  a  proper  Length  to  be  in  Concord  with  the  found¬ 
ing  Body,  or  to  tremble  with  the  fame  Vibrations, 
which  by  means  of  the  Nerves  are  convey’d  to  the  Com¬ 
mon  Senfory  in  the  Brain,  where  the  Mind  perceives 
and  diftinguifhes  the  infinite  Differences  of  harmonious 
and  difcording  Tones. 

15.  Thus,  though  we  are  admitted  to  view  the  a- 
mazing  Mechanifm  of  the  Organ  of  Hearing,  yet  can 
we  get  but  a  general  Notion  of  the  Manner  in  which 
thefe  Senfations  are  produced,  or  of  the  particular 
Funftions  performed  by  every  Part,  and  the  fpecial  Ufes 
to  which  they|are  fubfervient,  in  the  general  Execution  of 
this  Senfe ;  with  refpedt  to  which  there  remains  many 
things  yet  to  be  enquired  after,  even  by  the  learned  Beer - 
kaavet  as  we  find  in  Page  250  of  his  In/iitutes>  which  fee. 

16.  From  this  Account  of  the  Ear,  we  have  a  Solu¬ 
tion  of  fome  Difficulties ;  as,  Why  the  Ear  is  affedted 
with  great  Pain  in  going  down  into  the  Sea  in  a  Diving- 
Bell  :  Why  People  generally  open  their  Mouths  when 
they  liften  with  great  Attention  :  Why  Deafnefs  en- 
fues  on  a  Rupture  of  the  Membrana  Tympani,  or  from 

t  an  Obflrudtion of  the  Eujlachian  Tube:  Why  we  hear 
but  one  Sound  with  two  Ears.  But  how  fome  People 
taking  Smoke  into  the  Mouth  can  emit  it  by  their  Ears, 
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to  a  very  confiderable  Diftance,  according 
to  the  Intenfity  of  the  percuffive  Force. 
By  this  means  the  Particles  of  Air  are  com- 
prefs’d  nearer  together,  than  in  their  na-  i 
tural  State.  ; 

But  when  the  Particles  of  the  fonorous 
Body  make  the  fecond  Part  of  the  Vibra-  1 
tion,  by  returning  back  again,  the  Particles 
of  Air  alfo,  by  their  repulfive  Power,  repel 
each  other  towards  their  proper  Places,  and 
thus  again  expand  themfelves. 

Now  fince  Motion  once  generated  in  ; 
elaftic  Bodies  continues  fome  time  before 
it  can  be  deflroyed  by  the  Refiftance  and  i 
Counteradtion  of  contiguous  Bodies,  it  fol¬ 
lows,  that  the  Particles  of  the  fonorous , 
Body,  and  confequently  thofe  of  the  adja¬ 
cent  Air,  have  for  fome  time  a  reciprocal ' 
vibratory  Motion,  by  going  forwards  and 
backwards  through  very  fmall  Spaces  in  an 
indefinitely  fmall  Particle  of  Time;  which 
Motion  gradually  decreafes,  till  it  be  to¬ 
tally  deftroy’d  (Clip 

is  not  eafy  to  anfwer,  there  being  as  yet  no  Perforation  1 
of  the  Membrana  Tympani  difcovered  ;  though  this 
feems  a  plain  Demonftration  that  there  is  one  or  more, 
though  not  perceptible  to  the  Eye. 

(C1I.)  i.  The  Doftrine  of  Sounds  is  the  moft  intri¬ 
cate  and  perplex’d  of  any  thing  we  find  in  Philofo-  j 
phy ;  and  perhaps  this  is  the  only  Subject  which  the 
greateft  of  Men  has  (  in  his  Principia  )  treated  in  a 
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From  the  Nature  of  a  Fluid,  whatever 
Motion  is  generated  in  any  one  Particle,  it 
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Manner  not  quite  fo  phyfical  and  mathematical  as  the 
Nature  of  the  Thing  required.  I  fhall  refer  the  Reader 
to  the  Commentaries  of  MefT.  Le  Seur  and  Jacquier  on 
the  Principia ,  where  they  will  find  Sir  Ijaac  Newtons 
Hypothefis  relating  to  the  Motion  of  the  Particles  of  an 
elaftic  Medium  to  be  fallacious  ;  and  other  Methods 
propofed,  by  which  the  Newtonian  Dodrine  of  Sound 
is  reftored.  I  fhall  here  add  an  Explication  of  fuch 
Phenomena  only,  as  are  of  principal  Concernment,  and 
at  the  fame  time  pretty  eafy  to  be  underftood. 

2.  Let  ABC  be  an  elaftic  String  or  Chord,  fix’d  Plate 
in  the  Points  A  and  C,  and  drawn  out  of  its  natural  XXXII. 
right-lin’d  Situation  ABC.  Such  a  Chord,  in  its  State  Fig.  4. 
of  Tenfion,  will,  when  let  go,  return  by  its  natural 
Refort,  not  only  to  its  natural  Situation  ADC,  but 
with  the  Motion  it  there  has  will  go  on  to  E,  fo  that 
D  E  is  nearly  equal  toBDj  and  from  thence  it  will 
return  again  nearly  to  B  j  which  Motion  from  B  to¬ 
wards  E,  and  from  E  towards  B,  will  be  reciprocated 
a  great  Number  of  Times  before  the  Chord  will  come 
to  a  State  of  Reft  :  And  each  Motion  through  the  Space 
BE  is  call’d  a  Vibration  of  the  Chord. 

9.  When  the  Chord  begins  its  Motion  at  firft  from 
B,  ~ft  ftrik.es  the  Particle  of  Air  contiguous  to  it  in  B, 
and  that  will  by  its  Approach  towards  the  next  affed 
it,  by  means  of  the  repulfive  Power,  which  keeps 
them  all  at  equal  Diftances  from  each  other  ;  and  fo 
on,  through  fuch  a  Number  of  Particles  as  can  receive 
the  Motion  while  the  String  moves  from  B  to  D.  Let 
A,  B,  C,  D,  E,  F,  G,  &c.  reprefent  fuch  a  Series 
of  Particles  of  Air  at  an  equal  Diftance,  and  the  ficft 
I  Particle  A  contiguous  to  the  middle  Point  B  of  fuch  a 
String,  and  agitated  by  it  in  its  Motion. 

4.  The  String  beginning  to  move,  all  the  Particles 
A,  B,  C,  will  begin  to  move  forwards  alfo  ■,  and  fince 
j  this  Motion  is  propagated  in  Time,  let  E  be  the  re- 
I  moteft  Particle  moved  while  the  Chord  is  moving  from 
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is  by  that  Particle  communicated  equally 
to  all  around  it,  as  from  a  Centre  ;  confe- 

B  to  D  ;  during  which  Time  the  Chord,  having  an 
accelerated  Motion,  will  caufe  the  Particles  to  approach 
each  other  with  an  accelerated  Motion  likewife ;  and 
becaufe  thofe  accelerated  Approaches  begin  at  A  and 
reach  to  E,  in  the  Time  the  Chord  is  going  from  B  to 
D,  therefore  the  Diftance  AB  will  be  lefs  than  B  C,  and 
this  lefs  than  C  D,  and  that  lefs  than  D  E,  and  the  Di¬ 
ftance  EF  will  begin  to  be  leffen’d  when  the  String  is 
arriv’d  to  the  Site  ADC,  and  the  Particles  A,  B,  C, 

D,  E,  F,  will  have  the  Arrangement  reprefented  .  \ 
in  the  fecond  Line. 

5.  But  now  the  Chord,  having  acquired  the  Situati-  j 
on  ADC,  will  be  no  farther  accelerated,  but  on  the 
contrary  retarded,  as  it  will  now  go  on  from  D  toE; 
the  Effe£t  of  which  upon  the  Particles  of  Air  before  it 
will  be  as  follows.  They  will  all  go  on  forwards  till 
the  Chord  comes  to  E,  and  the  Particle  A  to  its  Situa¬ 
tion  in  the  third  Line  :  But  fmce  the  Force  upon  A  be¬ 
gins  to  abate  as  the  String  begins  to  move  from  D,  the  , 
elaftic  Force  now  between  A  and  B  will,  by  acting  both 
Ways,  continue  to  accelerate  the  Motion  of  B,  and 
retard  that  of  A.  Thus  the  Diftance  BC  will  ftill  dimi- 
nifh  till  B  come  to  be  nearly  equidiftant  between  A  and 
C;  and  C  will  be  accelerated  till  it  be  equidiftant  be¬ 
tween  B  and  D  ;  and  fo  on.  So  that  as  the  Accelera¬ 
tion  is  continued  forwards,  the  Diftances  will  diminifh 
towards  F  ;  and  by  the  Time  the  Chord  is  arrived  at  E, 
the  Particles  EE  will  be  at  their  neareft  Diftance.  And 
fince  the  Motion  of  A  is  continually  retarded,  it  will 
lofe  what  before  it  had  gained  in  the  fame  Time ;  and 
will  therefore  now  be  at  the  fame  Diftance  from  B  as 
at  firft  nearly.  So  that  the  Particles  from  A  to  G  will 
have  the  Situations  as  reprefented  in  the  third  Line. 

6.  The  Chord  now  returning  from  E  to  D,  gives 
Liberty  to  the  repulfive  Power  between  A  and  B  to  fe- 
parate  them  to  a  greater  Diftance  than  in  their  natural 
State,  and  which  they  at  prefent  have.  By  this  means 
all  the  other  Intervals  B  C,  CD,  D  E,  E  F,  will  al- 


8 


Of  Winds  and  Sounds.  .  227 

quently  the  Tremors  of  the  founding 
jBody  will  be  propagated  all  around  from 

fo  increafe,  and  become  fiicceffively  greater  than  the 
natural  Diftance;  but  that  Excefs  will  be  ldTer  in 
each,  till  you  come  to  FG,  which  will  be  equal  to  the 
natural  Diftance,  at  prefent  between  A  and  B.  The 
Motion  at  the  fame  Time  continuing  in  all  the  Particl  s 
from  H  to  N,  they  will  all  move  forwards,  and  the  pre¬ 
fent  contracted  interval  between  H  and  I  will  fucceed  be¬ 
tween  all  the  reft,  till  it  arrives  to  the  Particle  N,  when 
the  Interval  MN  will  be  the  fame  as  at  prefent  is  H  I. 

A  nd  thofe  Particles  beyond  N  to  S,  will,  by  the  preceding 
ones,  be  put  into  the  fame  refpedtive  Diftances,  but  in 
an  inverfe  Order,  as  thofe  have  between  G  andN.  And 
the  whole  Series  (now  the-String  is  atD)  will  have  the  In¬ 
tervals  of  the  Particles  refembling  thofe  in  the  4th  Line. 

7.  The  Chord  not  flopping  at  the  Situation  ADC, 
but  going  on  towards  ABC  with  a  retarded  Motion, 
the  Velocity  of  the  contiguous  Particle  A  will  alfo  be 
retarded  and  become  lefs  than  that  of  B  ;  upon  which 
the  Diftance  between  them  will  be  leflen’d,  and  the 
more  fo  as  the  String  approaches  to  B.  Hence  all  the 
Intervals,  now  dilated  beyond  their  natural  State,  will, 
by  Degrees,  contradl ;  but  gradually  flower,  till  you 
come  to  F,  where  the  prefent  largeft  Interval  between 
A  and  B  will  be  found  between  F  and  G,  and  that  be¬ 
tween  A  and  B  will  have  acquired  its  natural  Extent 
when  the  Chord  is  arrived  at  B.  Then  likewife  the  Par¬ 
ticles  from  G  to  N  will  acquire  the  fame  Situation  as  thofe 
now  have  between  A  and  G ;  and  from  N  to  S,  the 
fame  as  now  is  feen  between  G  and  N ;  and  from  S  for¬ 
wards,  the  fame  as  is  now  before  the  Particle  N,  the 
Point  S  being  now  the  middle  Point  01  Condenfation; 
all  which  is  clearly  feen  in  the  5  th  Line  of  the  Figure. 

8.  Thus  the  Condenfation  which  began  at  A,  by  the 
firft  Part  of  the  Vibration,  was  propagated  to  G  by  the 
fecond,  from  thence  to  N  by  the  third,  and  laftly  to 
S  by  the  fourth  Part  of  the  whole  Motion  of  the  String 
in  going  and  returning  ;  and  this  Extent  of  Air,  thus 
agitated  by  the  Chord  in  going  and  returning,  is  call  d 
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the  Point  of  Percuffion,  as  a  Centre,  in 
concentric  hollow  Superficies  or  Shells  of  Air , 
which  are  not  improperly  called  Aerial 
Pulfes  or  Waves  of  Air  ;  Analogous  to 
which  are  the  circular  Waves  generated 
on  the  Surface  of  Water  all  around  the  ; 
Point  where  any  Impreflion  is  made,  in  any 
Manner  or  Dire&ion  whatfoever  (CIII.) 

I 

by  Sir  Ifaac  Newton  a  Wave  or  Pulfe  of  Air.  In  which 
Wave  the  Particles  from  A  to  N  are  in  a  dilated  State,  , 
and  from  N  to  X  in  a  contra&ed  or  condenfed  State  ; 
which  two  Parts  of  the  Wave  anfwer  to  the  concave 
and  convex,  or  low  and  high  Part  of  a  watry  Wave.  ( 

9.  As  the  Chord  goes  on  to  make  another  Vibration, 
it  will  not  only  continue  to  agitate  the  Air  at  prefent 
in  Motion,  but  will  fpread  the  Puliation  of  the  Air  as  , 
much  farther,  and  by  the  fame  Degrees  as  before;  and 
the  like  will  happen  after  every  compleat  Vibration  of 
the  String.  Thus  the  Air  being  a  fluid  Body,  and  the 
Impreflion  made  on  any  one  Part  affeding  all  the  Par¬ 
ticles  alike  around  it,  ’tis  plain,  thofe  Pulfes  will  be 
propagated  in  every  Diredion  all  around  in  concentric 
Aerial  Shells  or  fpherical  Waves  of  Air. 

10.  That  the  Motion  of  the  Pulfes  in  an  elaftic  Me¬ 
dium  is  analagous  to  that  of  Waves  generated  in  the  Sur¬ 
face  of  ftagnant  Water,  is  evident,  when  we  confider 
that  the  Condenfation  of  the  Parts  of  the  elaftic  Me¬ 
dium  is  in  Lieu  of  the  Elevation  of  the  Water;  the 
elaftic  Force  efteds  the  fame  in  the  Medium  as  Gravity 
does  in  the  Water,  and  the  denfeft  Parts  of  the  Pulfes 
correfpond  to  the  bigheft  Parts  of  the  Waves.  Where¬ 
fore  as  there  is  fo  great  an  Affinity  between  thefe  two 
Phenomena,  it  will  be  requifite,  before  we  go  farther, 
to  explain  the  Nature  and  Properties  of  aqueous  Waves, 
which  will  therefore  be  fhewn  in  the  next  Annotation., 

Plate  (CIII.)  1.  Sir  Ifaac  Newton  explains  the  Nature  of 
XXXII.  Waves  in  Water  after  the  following  Manner.  Let  AR 
Fig.  6,7,  These 
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These  Pulfes  or  Waves  of  Air  are  af¬ 
fected  with  the  following  Properties,  viz. 

and  C  D  be  the  Surface  of  Water  quiefcent  in  the  up¬ 
right  Legs  K  L,  M  N,  of  a  recurv’d  Tube.  And  if 
the  Water  be  put  into  Motion,  and  afcends  in  the  Leg 
KL,  to  E  F,  it  will  delcend  in  the  Leg  MNtoGHj 
fo  thatEF=GH.  Again,  letPV  be  a  Pendulum  vi¬ 
brating  in  the  Cycloid  RPS  ;  its  Length  VP,  from  the 
Point  of  Sufpenfion  to  the  Centre  of  Ofcillation,  is 
equal  to  half  the  Length  of  the  Water  in  the  Tube  ; 
Jet  P  be  the  loweft  Point,  and  P  Q_an  Arch  of  the  Cy¬ 
cloid  equal  to  the  Altitude  A  E. 

2.  The  Force  by  which  the  Water  is  alternately  ac¬ 
celerated  and  retarded  in  its  Motion  in  the  Tube,  is 
the  Excels  of  the  Weight  of  W ater  in  either  Leg  above 
the  Weight  in  the  other  ;  and  therefore  when  the  Wa¬ 
ter  in  the  Leg  KL  afcends  to  EF,  and  in  the  other  Leg 
defcends  to  GH.  that  Force  is  equal  to  the  Weight  of 
the  two  equal  Quantities  of  Water  A  EF  B+CG  H  D 
— 2AEFB  ;  and  therefore  is  to  the  Weight  of  the  whole 
Water  as  E  A  to  V  P,  or  as  P  Q_  to  PR,  becaufe  the 
Semi-cycloid  P  R  is  equal  to  the  Length  of  the  Pendu¬ 
lum  which  defcribes  it,  from  the  Nature  of  the  Curve. 

3.  Alfo  the  Power  by  which  the  Weight  P  is  in  any 
Point  Q_accelerated  or  retarded  in  the  Cycloid,  is  to 
its  whole  Weight  as  the  Diftance  P  Q_  from  the  loweft 
Point  P  to  the  Length  of  the  Semi-cycloid  PR.  Where¬ 
fore  the  moving  Forces  of  the  W  ater  and  Pendulum,  de¬ 
ferring  equal  Spaces  AE,  PQ,  are  as  the  Weights  to  be 
moved  ;  and  therefore,  if  the  Water  and  Pendulum  are 
at  firft  quiefcent,  thofe  Powers  will  move  them  equally 
in  equal  Times,  and  caufe  that  they  go  forwards  and 
backwards  together,  with  a  reciprocal  Motion.  All 
which  is  eafily  deduced  from  what  has  been  faid  of  the 
Nature  of  the  Cycloid,  the  Motion  of  heavy  Bodies, 
and  the  Forces  of  Bodies  in  Motion. 

4.  Hence  it  follows,  that  whether  the  Diftance  AE 
be  great  or  fmall,  the  Reciprocations  of  the  Water  will 
be  all  perform’d  in  equal  Limes.  Alfo  it  follows,  that 
if  the  whole  Length  of  the  Water  be  78,4  Inches,  each 
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I.  1 They  are  propagated  all  around  in  a 
fpherical  undulatory  Manner  (as  I  faid  but 
now  j)  and  that  not  only  from  the  tremu¬ 
lous  Body,  but  from  the  Holes  in  any 
Obftacles  they  meet  with  :  Whence  it 
comes  to  pafs,  that  one  and  the  fame  Sound 

Reciprocation,  or  Afcent  and  Defcent  of  the  Water, 
will  be  perform’d  in  one  Second  of  Time  ;  becaufe  a 
Pendulum  of  half  that  Length  vibrates  in  that  Time. 
Laftly,  If  the  Length  of  the  aqueous  Canal  be  increafed 
or  diminifhed,  the  Time  of  each  Reciprocation  will  be 
increafed  or  diminifhed  in  the  fubduplicate  Ratio  of  the  , 

Length.  .  ... 

Plate  When  the  Nature  of  Waves  in  Water  is  confider- 

XXXII  e(3#  it  will  be  found  to  agree  very  nearly  with  the  Mo- 
fig-  8.  t-[on  Gf  thc  Water  in  the  Tube  above  mentioned  ;  and 
confequently  their  Motion  will  be  fimilar  to  that  of  a 
Pendulum.  For  let  E  F  G  reprefent  the  level  Surface 
of; Water  when  it  is  not  agitated  fo  as  to  produce 
Waves  ;  when  it  is  thus  agitated,  let  A,  B,  C,  D,  re¬ 
prefent  the  wavy  Surface  ;  A,  C,  the  highefl  Parts  of 
the'  Waves  ;  and  B,  D,  the  loweft  or  concave  Part. 
Then  ’tis  evident  the  Weight  of  the  Water  at  A  above 
LG  will  caufe  it  to  defeend  as  far  below  the  Level  to 
B  ;  and  with  the  Motion  acquired  by  that  Defcent, 

•  it  will  again  afeend  to  the  fame  Height  C,  and  fo  pro¬ 
duce  a  conftant  Succefion  of  Waves  in  the  watry  Sur- 

•  face,  after  the  fame  Manner  as  was  fhewn  in  the  Tube. 

6.  Hence  it  follows,  that,  becaufe  the  Length  of 
the  whole  Water  to  be  moved  is  frem  the  highefl  Point 
A  to  the  loweft  Point  B,  if  the  Length  of  a  Pendulum 
be  i  A  B,  it  will  ofcillate  once  while  the  Water  de¬ 
fends  from  A  to  3  ;  and  in  another  Ofcillation,  it  will 
afeend  from  B  to  C,  and  fo  on.  So  that  a  W  ave  will 
pafs  thro’  its  whole  Length  in  the  Time  of  two  Ofcil'a- 
tions  ;  and  therefore  in  the  Time  of  one  Ofcillation  of 
a  Pendulum  four  Times  as  long,  or  equal  to  ABC. 

may 
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may  be  heard  by  federal  Perfons ,  in  any  dif¬ 
ferent  Situations  with  refpedt  to  the  found¬ 
ing  Body,  if  not  at  too  great  a  Diftance. 

II.  Phe  Denfity  of  thefe  aerial  Pulfes  de¬ 
er  eafes,  as  the  Squares  of  the  Diftances  from 
the  founding  Body  increafe  :  For  fince  the 
Force  or  Motion  in  each  Sheli  is  the  fame, 
it  mult  decreafe  as  the  Number  of  Particles 
Increafes  in  each  Shell :  But  this  Number 
of  Particles  is  as  the  Superficies  of  the 
Shell,  which  is  as  the  Squares  of  the  Dia¬ 
meter  or  Semidiameter  of  the  Sphere,  that 
Sis,  as  the  Diftance  from  the  founding  Bo¬ 
dy.  Hence  the  Diftindtion  of  Sounds  in¬ 
to  loud  and  low,  ftrong  and  weak,  according 
as  we  are  nearer  to,  or  farther  from,  the 
founding  Body.  The  utmoft  Limits  of 

7.  Whence  becaufe  ABC  in  very  large  and  wide 
Waves  is  nearly  equal  to  the  Breadth  AC ;  therefore 
when  the  Waves  are  39,2  Inches  broad,  they  will  un- 
|  dulate  in  one  Second  of  Time;  and  confequently  fince 
the  Times  of  all  the  Undulations  are  equal,  there  will 
I  be  39,2X60=2  352  Inches,  or  196  Feet  run  thro’  by 
|  a  Wave  in  one  Minute,  which  is  1 1 760  Feet  per  Hour. 
Hence  alfo  the  Velocity  of  greater  or  lefler  Waves  will 
be  increafed  or  diminifhed  in  the  lubduplicate  Propor¬ 
tion  of  their  Breadth  ;  that  is,  if  V  =  Velocity  of 
the  greater  Waves  A  B  C  D,  and  v  =  Velocity  of  the 
leffer  Waves  a ,  b,  c,  d,  (,  /,  &c.  then  it  will  be  V  : 
v  ::  \AC  :  a  c.  Becaufe  the  Velocities  and 

Times  of  Bodies  moved  in  any  Manner  by  Gravity,  are 
proportional  to  the  fquare  Roots  of  the  perpendicular 
Altitudes  ;  and  thofe  Altitudes  are  as  the  Lengths  of 
Pendulums,  and  therefore  as  the  Breadth  of  Waves. 

O  4-  audible 
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audible  Sounds  are  about  180  or  200  Miles,, 
(CIV.)  ; 

(CIV.)  1.  Let  ABC  reprefent  the  fonorous  Body  ; 

Plate  by  the  tremulous  Motion  of  its  Parts,  it  will  agitate  . 

XXXIII.  the  Air  contiguous  to  every  Point  as  A,  where  it  will 
Fig.  4.  be  condenfed  to  a  certain  fmall  Dilfance,  and  make  a 
Pulfe  or  Wave  of  Air  in  the  Manner  as  has  been  large¬ 
ly  fhewn  [Annotation  CII.)  The  firft  Wave  or  Pulfe 
will  by  its  elaftic  Power  in  expanding  itfelf  produce  a  , 
Second,  that  a  Thirds  and  fo  on  ;  ■  till  the  imprefs’d 
Motion  be  diffufed  thro’  too  large  a  Quantity  of  Air  to 
be  any  longer  feniible. 

2.  The  Quantity  of  Motion  produced  by  each  Tre-  , 
morof  the  fonorous  Body,  being  communicated  fuccef-  , 
lively  to  larger  Portions  of  Air,  the  Part  thereof  which  1 
each  Particle  will  acquire  will,  conftantly  decreafe.  | 
This  Decrement  of  the  Motion  will  be  as  the  Incre-  , 
ment  of  the  Number  of  Particles,  which  is  as  the  Su-  1 
perficies  of  the  fpherical  Shell  ;  and  fince  all  Super-;  ! 
ficies  are  as  the  Squares  of  their  Diameters  or  Semi-dia-  i 
meters,  therefore  the  Force  in  the  Particles  cf  the 
Wave  or  Shell  at  D  is  to  that  in  the  Particles  of#the 
Shell  at  F  as  AF1  to  AD2  ;  that  is,  the  Force  of  Sound 
decreafes  as  the  Squares  of  the  Diftances  increafe. 

3.  It  is  plain,  the  Diftance  to  which  Sounds  may 
be  heard  will  be  proportional  to  the  Magnitude  or  In- 
tenfrty  of  the  Stroke  made  on  the  tremulous  Body  e- 
mitting  the  Sound  ;  for  the  greater  that  Stroke  is,  the 
greater  will  be  the  Agitation  of  the  Parts  of  the  fono¬ 
rous  Body,  and  of  courfe  the  greater  will  be  the  Force 
with  which  they  will  ftrike  the  Particles  of  Air.  Laftly, 
the  greater  Force  is  upon  the  Air,  the  more  ftrongly 
will  it  be  condenfed  and  expanded  ;  hence  the  greater 
will  be  the  Stroke  at  any  given  Diftance  on  the  Drum 
of  the  Ear,  and  confequently  the  greater  will  be  the  Di* 
fiance  at  which  the  Agitation  of  the  Air  will  be  fen- 
ftble. 

4.  The  Experiments  are  numerous  by  which  it  has 
been  found,  that  Sound  is  audible  to  the  Diftance  of 

III.  All 
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III.  All  the  Pulfes,  whether  denfer  or  rarer , 
move  with  equal  Velocities:  This  Sir  Jfaac 
Newton  has  demonftrated  a  priori,  and  al- 
fo  that  this  Velocity  is  at  the  rate  of  1142 
Feet  in  one  Second  of  Time;  which  moft 
exactly  agrees  with  the  repeated  and  moft 
accurate  Experiments  of  the  late  Reverend 
Mr.  Derhain.  The  Velocity  of  Sound  is 
therefore  near  thirteen  times  as  great  as 
that  of  the  ftrongeft  Wind :  And  fince  it 
muft  neceffarily  increafe  with  the  Air’s  Ela- 
fticity,  it  will  be  greateft  in  Summer 
when  the  Air  is  moft  heated,  and  vice  verfa 
in  the  Winter  :  Alfo,  as  the  Motion  of  the 
Wind  confpires  with,  or  is  contrary  to 
that  of  Sound,  the  Velocity  of  -Sound  will 
be  in  fome  fmall  Degree  augmented  or  di- 
minilhed  thereby,  though  not  difcernible 
in  Experiments. 

IV.  T’h.e  Interval'  or  Dijiance  of  the 
Pulfes  from  each  other  is  the  fame  among  all 
that  are  excited  by  the  fame  Stroke:  For 
fince  each  Pulfe  is  caufed  by  a  fingle  Vi- 

50,  60,  or  eighty  Miles  :  But  Dr.  Hearn ,  Phyfician 
to  the  King  of  Sweeten,  tells  us,  that  at  the  Bombard¬ 
ment  at  Holmia,  A.  D.  1658,  the  Sound  was  heard  to 
fhe  Diftance  of  30  Swedijh  Miles,  which  make  180  of 
ours.  And  in  the  Fight  between  England -and  Holland, 
A.  D.  1672,  the  Noife  of  the  Guns  was  heard  even  in 
Wales,  which  cannot  be  lefs  than  200  Miles. 

bration 
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bration  of  the  founding  Body,  and  fince 
they  all  move  with  equal  and  uniform  Ve¬ 
locities,  ’tis  plain  they  muft  fucceed  each 
other  at  Intervals  proportion’d  to  the  Times 
of  the  Vibrations :  but  the  Times  of  the 

■j 

Vibrations  of  the  fame  Body  are  all  equal  y 
confequently,  the  Intervals  of  the  Pulfes 
will  be  fo  too.  (CV.) 

(CV.)  i.  Sir  Ifaac  Newton  and  other  Mathematici¬ 
ans  have  fnewn  (in  a  Method  too  prolix  and  intricate 
to  be  here  repeated)  that  if  a  Pendulum  were  conftrufled 
whofe  Length  was  equal  to  the  Height  of  an  homoge- 
neal  Atmof’phere,  whofe  Denfity  is  every  where  the 
fame  with  that  of  the  Air  upon  the  Surface  of  the  Earth, 
in  the  fame  Time  that  fuch  a  Pendulum  makes  one 
whole  Ofcillation  in  going  forwards  and  backwards, 
the  Wave  or 'Pulfe  of  Air  will  pafs  through  a  Space 
equal  to  the  Circumference,  of  a  Circle  defcribed  with 
a  Radius  equal  to  the  faid  Pendulum. 

2.  Therefore  while  the  Pendulum  makes  half  an  Of¬ 
cillation,  or  one  fingle  Vibration,  the  Pulfe  will  move 
through  a  Space  equal  to  half  the  Circumference: 
Whence  the  Space  defcribed  by  the  Pulfe  in  the  Time 
of  a  Vibration  is  to  the  Length  of  the  Pendulum  as  the 
Semi-circumference  to  the  Radius,  or  as  the  Circum¬ 
ference  to  the  Diameter,  that  is,  as  3,14159  to  1. 
Now  the  Length  of  fuch  a  Pendulum  is  30100  Feet, 
(as  we  have  elfewhere  (hewn)  but  Sir  Ifaac  makes  it 
29;  25  Feet,  whofe  Meafure  we  fhall  here  follow.  The 
Circumference  of  a  Circle  whofe  Radius  is  297251s 
186768,  the  half  whereof  is  93384  2=  Space  a  Pulfe 
paffes  through  in  one  fingle  Vibration  :  But  fince  a  Pen¬ 
dulum  39,2  ofciljates  in  the  Time  of  one  Second,  and 
the  Times  of  Ofcillation  in  different  Pendulums  are  in 
the  Subduplicate  Ratio  of  their  Lengths;  therefore,  fince 
in  29725  Feet  we  have  356700  Inches,  we  muff  fay? 

As  v'  39,2  :  v  356700  ::  1  :  95!  Seconds.  But  in 

V.  The 
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V.  The  aerial  Pulfes  are  propagated  toge¬ 
ther  in  great  Numbers  from  different  Bodies 

'  '  '  r  '  * 

that  Time  the  Pulfe  pafles  over  93384  Feet;  confe- 
quently,  95}  -  93384  ::  1  :  979  Feet  =  Space  pafs’d 
through  by  a  Pulle  in  one  Second  of  Time. 

3.  This  then  would  be  the  Velocity  of  the  Pulfes, 
were  the  Particles  of  Air  fo  very  fmall  as  that  their 
Magnitude  fhould  bear  no  fenfible  Proportion  to  the 
Intervals  between  them  ;  and  alfo  if  the  Medium  had 
no  Admixture  of  any  other  Particles  but  thofe  of  pure 
Air:  Neither  of  which  is  the  Cafe;  for  the  Particles 
of  Air  are  fo  grofs  that  they  will  not  pafs  through  the 
Pores  of  Glafs  any  more  than  Water;  and  Sir  Ifaac 
Newton  fuppofes  them  to  be  of  the  fame  Magnitude 
with  the  Particles  of  Water  or  Salt.  If  this  be  fo,  let 
D  =  Diameter  of  the  Particles,  S  rr  Space  or  Interval 
between  them  ;  then  will  S  -f-  D  =  Diftance  of  the 
Centres  of  the  Particles.  Let  N  —  Number  of  Particles 
in  the  Side  of  a  Cube  of  Air,  then  will  N  S-f-ND  — 
Side  of  the  Cube. 

4.  Again,  let  M=Number  of  Particles  of  Water 
in  the  Side  of  an  equal  Cube,  and  MDr  Side  of 
the  Cube  of  Water;  whence  N  S  N  D  =  M  D. 
Then  if  theDenfity  of  Air  be  to  that  of  Water  as  1  to 

4 

A,  we  {hall  have  1  :  A  ::  N3  :  M3;  whence  x  :  A  :: 

I 

N  :  M  ;  consequently,  M  =  N  AT  Wherefore  fince 
it  is  N  S  +  ND  =  MD  —  N  D  AT,  it  will  be  S  +D 
-DA7,  and  S  =  DXAT  —  1  ;  therefore  D  :  S  :t 

1  _L 

x  :  A 3  —  1  ;  whence  D  :  S  X  D  ::  1  :  A 3  . 

5.  If  therefore  A  =  .8  to,  (as  we  have  fhewn)  then 

At  —  9  nearly  ;  if  we  put  A  =  1000,  then  AT  =10. 
Whence"  D  :  S  -f-  D  ::  1  :  9,  or  as  1  :  10 ;  whence  the 
Diameter  of  a  Particle  of  Air  will  in  fuch  Cafe  be  to 
the  Interval  between  the  Particles  as  1  to  8  or  9.  And 
fince  the  Motion  is  inflantaneous  through  the  folid  Par- 

without 
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without  Difiurbance  or  Confuficn ;  as  is  evi¬ 
dent  from  Concerts  of  Muficallnflruments, 
where  divers  Sounds,  of  different  Intervals 

tides  of  Air,  and  tfiey  make  up  {  or  1  Part  of  th^ 
whole  Space  979  Feet  pafs’d  through  in  one  Second  by 

a  Pulfe,  therefore  to  allow  for  this  we  muft  add  or 

'  '  4 '  ■  .  9 

109  Feet  to  the  former  Sum  ;  that  is,  979  -j-  109  — 
1088  Feet,  for  the  Velocity  of  Sound  per  Second. 

6.  But  fince  the  Atmofphere  confifts  not  of  pure  Air, 
but  has  an  Admixture  of  Vapours  of  a  different  Elafti- 
dty  and  Tone;  thefe  Vapours  will  not  participate  of 
the  Motion  of  pure  Air,  by  which  Sound  is  propagated  ; 
in  like  manner  as  an  elaftic  String,  if  ffruck,  will  not 
move  another  very  near  it,  unlefs  it  be  under  the  fame 
Degree  of  Tenfion,  and  of  the  fame  Tone.  There¬ 
fore  the  Quantity  of  Air  producing  Sound  muft  be  di- 
minifti’d  in  Proportion  to  the  Quantity  of  Vapour,  in  a 
given  Space  ;  in  which  Sir  lfaac  fuppofes  the  Air  is  to 
the  Vapour  as  10  to  x.  Whence  the  Air  and  Vapour 
together  in  a  given  Space  is  to  the  pure  Air  as  li 
to  10. 

7.  But  the  Velocity  of  thePulles  will  increafe  in  the 
Subduplicate  Ratio  of  the  diminifh’d  Quantity  of  Mat¬ 
ter,  that  is,  in  the  Subduplicate  Ratio  of  x  1  to  10, 
or  in  the  enti;e  Ratio  of  21  to  20,  (as  he  has  fhewn, 
Princip.  Prop.  48.  Lib.  II.)  Therefore,  if  we  fay, 
As  20  :  21  ::  1088  :  1142  ;  whence  the  real  Velocity 
of  Sound  thus  inveftigated  from  the  Nature  of  elaftic 
Air  by  our  great  Author)  is  at  length  found  to  be  at 
the  Rate  of  1142  Feet Jw  Second. 

8.  The  Truth  and  Accuracy  of  this  noble  Theory 
have  been  fufiiciently  confirm’d  by  Experiments,  parti¬ 
cularly  thofe  made  by  the  late  Rev.  Dr.  De>ham,  of 
which  I  fliall  give  fome  Account  by  and  by ;  but  will 
firft  lay  before  the  Reader  a  View  of  the  different  Efti- 
mates  made  of  the  Velocity  of  Sound  by  feveral  eminent 
Philofophers,  as  in  the  Table  following. 


and 
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and  various  Coincidences,  ftrike  the  Ear 
at  once,  yet  with  Diftin&nefs  and  agree¬ 
able  Consonance. 

VI.  fhe  Particles  of  Air ,  and  confequently 
the  Pulfes ,  Jlriking  againjl  an  Ohjlacle ,  will 
be  reflected  back  under  an  Angle  equal  to  that 

Feet  per  Second. 


The  Honourable  Mr.  Roberts ,  1300 

The  Honourable  Mr.  Boyle,  1200 

Mr.  Walker ,  1338 

Merfennus ,  1 47  4. 

The  Academy  at  Florence,  1148 

Royal  Academy  at  Paris ,  1172 

Sir  Ifaac  Newton,  Flamjlead ,  ? 

Halley,  and  Derham ,  3  ^ 


9.  As  no  Man  ever  had  a  better  Opportunity,  fo 
none  could  improve  it  with  greater  Diligence,  Afiiduity, 
and  Accuracy,  in  determining  and  fettling  the  various 
Phaenomena  of  Sounds,  than  the  fo  often  celebrated 
Philofopher  laft  mentioned.  He  proved  by  Experiments 
made  with  the  Strokes  of  a  Hammer,  and  the  Explo- 
fion  of  a  Gun  at  the  fame  time,  at  the  Diftance  of  a 
Mile,  that  the  Velocity  of  Sounds  produced  from  dif¬ 
ferent  Bodies  was  the  fame,  or  came  to  his  Ear  in  the 
fame  Time. 

10.  That  the  Motion  of  Sound  was  equable  and  uni¬ 
form,  or  that  it  pafs’d  through  Spaces  proporcional  to 
the  Times,  he  found  by  various  Experiments  made  by 
the  Explofion  of  Guns  at  different  Diftances,  as  ap¬ 
pears  by  the  following  Table  which  he  has  given  us  r 
Where  the  firft  Column  {hews  the  Places  at  which  the 
Guns  were  fired  ;  the  fecond  the  Number  of  Vibrations 
of  an  Half-Second  Pendulum  ;  the  third  the  Diftance 
of  the  Places  in  Miles  and  decimal  Parts,  as  meafured 
by  Trigonometry  ;  the  fourth  the  Diftances  meafured 
by  the  Velocity  of  Sound,  admitting  it  to  be  at  the  Rate 
of  one  Mile  every  9*  Half-Seconds, 
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of  Incidence ;  in  the  fame  manner  as  will 
be  fhewn  in  regard  to  the  Rays  of  Light. 
Hence  a  Repetition  of  the  Sound,  heard  by  the 


At  Hornchurch  Church, 
North  O kendo n  Church, 

Upminjler  Mill, 

Little  Warley  Church, 
Rainham  Church, 

Alvei  Mill, 

Dagenham  Mill, 

South  Weal  Church, 
Eajl  Thorn  don  Church, 
Barking  Church, 

Guns  at  Blackheath, 


9  —  °>9875  — 


—  2,004 

— 

2,000 

•  —  2,4 

* - 

5  2,4 

f 2,48 

27i 

—  3>° 

— 

2D7 

33* 

3>,58 

•  - - 

3.59 

33 

—  3>58 

— 

3.57 

35 

3>85 

— 

3>78 

45 

—  4>59 

- - - 

4,86 

5>°9 

— 

5>°3 

7°i 

—  7>7 

— 

7,62 

1 16 

—12,5 

— 

iz>55 

1 1.  The  great  Exa&nefs  of  meafuring  Diftances  by 
Sounds  appears  from  the  above  Table,  as  well  as  the 
Equability  of  the  Motion ;  but  to  render  this  Matter 
ftill  more  certain  and  indifputable,  the  Doftor  took  a 
Journey  to  Foulnefs  Sands  on  the  Coaft  of  Effex,  which 
form  a  fmooth  large  Plain  for  Miles.  On  this  Plain  he 
meafured  6  Miles  in  a  right  Line,  and  caufing  a  Gun 
to  be  fired  at  the  End  of  each  Mile,  he  found  that  his 
former  Obfervations  were  very  juft  and  true,  and  that 
Sound  pafs’d  the  firft  Mile  in  Half  Seconds,  two 
Miles  in  18?,  three  Miles  in  and  fo  on  to  the  End 
of  the  fix. 

12.  The  Academia  del  Cimento  made  Experiments  of 
this  Sort,  from  whence  they  concluded,  that  the  Velo¬ 
city  of  Sounds  was  fo  far  equable,  as  not  to  be  accele¬ 
rated  or  retarded  by  confpiring  or  adverfe  Winds;  but 
in  this  they  led  themfelves  and  many  others  into  a  great 
Miftake,  which  was  owing  to  their  firing  Guns  at  too 
near  a  Diftance  ;  for  in  great  Diftances  the  Difference 
is  fenfible,  as  will  appear  by  the  following  T able  of 
many  Experiments  which  the  Doctor  made  on  the  Guns 
fired  at  Blackheath ,  at  the  Diftance  of  twelve  Miles 
from  his  Houfe  at  Upminjler. 


direct 
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direct  Pulfes,  will  be  made  by  thofe  which 
are  reftedted  j  which  is  what  we  call  an 
|  Echo. 

D.  H.  Vibrat.  Wind. 

1704.  Feb.  13.  6  to  1 2  N. —  —  N.E.  by  E.  1. 


21.  11  i  M. 

1705.  Mar. 30.  10  M. 

Apr.  2.  8 1  pM. 

3.  10  M. 

5.  1  pM. 

13.  8|M. 

24.  5  pM. 


29.  io|M. 
Od.  6.  10  M. 


Nov  30.  Noon 
Feb.  15.  1 1  M. 

1706.  Ao'i’.29.  j  Noon^' 
Feb.  7.  Noon 


1 19  —  E.  2 

1 1 3  —  S.  W.  7 

1144  —  S.  by  W.  1 
n6|  —  S.  4 
1  n  —  S.  W.  by  W.  7 

120  —  N.  by  E.  2 

116  —  S.  W.  byW.  o 
1 1 5  —  W.  i 

1  ici  —  W.  by  N.  2 

112  —  S.S.W.6 

117  —  E.  S.  E.  1,  2 

1 15  —  S.S.W.4 

1 16  —  S.  by  W.  1 
116  —  S.  W.  o 

iiB  —  S.W.byS.  1 

1 13  _  S.W.  byW.  4 
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i  13.  In  the  flrft  Column  of  this  Table  M  denotes  the 
Morning,  pM  the  Afternoon,  and  N  Night :  Alfo  the 
I  Figures  1,  2,  3,  4,  5,  6,  7,  affixed  to  the  Points  of  the 
Wind  in  the  third  Column,  denote  the  feveral  Degrees 
!  of  Strength  with  which  the  Wind  blew  at  the  Time 
when  the  Experiments  were  made..  From  this  I  able 
it  is  eafy  to  obferve,  that  in  this  large  Diftance  (of  near 
1 3  Miles)  the  Velocity  of  Sound  is  fenfibly  affected 
with  the  Current  of  the  Air  or  Wind  ;  for  fince  Black- 
heath  lay  near  S.  W  by  W.  from  Uprninfter,  we  fee  that 
on' April  5,  1705,  when  there  was  a  ftrong  Wind  con- 
fpiring  with  Sound,  it  came  in  in  Half-Seconds; 
whereas  in  Feb.  13,  1704,  when  the  Wind  was  di- 
redtly  contrary,  though  bur  a  gentle  one,  the  Sound 
took  up  no  lefs  than  120  and  122  Half-Seconds  in  paff- 
ing  the  fame  Diftance.  The  fame  is  confirmed  alfo  by 
1  the  Experiment  on  April  13,  1705. 

,14.  And  it  is  farther  obfervable,  that  the  Acceleration 
of  Sound  depends  on  the  Strength  of  the  Wind  ;  for  on 

The 


Of  Winds  and  Sounds. 

The  Locus  or  audible  Place  of  Sound ,  will 
be  there  where  the  Particles  of  Air  firll  be- 

Jpril  24,  1705,  a  S.  W.  by  W.  Wind  in  the  loweft 
Degree  permitted  the  Sound  to  arrive  in  1  1  6  Half-Se-> 
conds ;  the  fame  Wind  on  Feb.  4,  1706,  blowing  with 
4  Degrees  of  Strength,  brought  the  Sound  in  1 13  Half- 
Seconds  ;  and  on  April  5,  1705,  the  fame  Wind  with 
7  Degrees  of  Strength  brought  the  Sound  in  ill  Ha  f 
Seconds.  The  Winds  which  blow  tranfverfely  (as  on 
April  3,  Feb.  15,  1705.)  feem  not  to  affetft  the  Velo¬ 
city  of  Sound,  it  paffing  then  in  116  Half-Seconds, 
which  is  mean  Velocity,  as  appears  by  the  former  Table 
in  Article  10. 

1 5.  The  greateft  Difference  we  here  obferve  in  the 
Velocity  of  Sound,  with  or  againft  the  Wind,  is  10  or 
11  Half-Seconds,  or  5^  Seconds;  whence  1142  X  5,5  = 
6281  Feet,  which  is  fomewhat  more  than  a  Mile  = 
5280  Feet;  and  therefore  for  every  10  Miles  we  may 
allow  Half  a  Mile,  or  2640  Feet,  when  the  Wind 
blows  ftrongly  againft  the  Sound,  and  dedudt  the  fame 
when  it  fets  with  it ;  and  fo  in  Proportion  for  any 
other  Diftance.  See  a  late  Difcourfe  on  this  Subjett  in 
a  Treatife  entituled,  Obfervatiors  AJironomiques  et  Phy- 
ftques ,  par  Don  George  ‘Juan  et  Don  Antoine  De  Ulloa. 

1 6.  The  Velocity  of  Sound  being  determined,  the 
Intervals  of  the  Pulfes  are  known  by  finding  how  many 
Vibrations  the  founding  Body  performs  in  one  Second. 
Thus  D.  Sauveur  found  by  Experiments,  that  an  open 
Pipe,  whofe  Length  was  about  5  Paris  Feet,  had  the 
fame  Tone  with  a  String  that  vibrates  forwards  and 
backwards  teo  times  in  a  Second  ;  confequently,  of  the 
Pulfes  made  by  founding  fuch  a  Pipe,  there  are  about 
100  in  the  Space  of  1142  Feet,  or  1070  of  Paris ;  and 
therefore  a  fingle  Pulfe  occupies  the  Space  of  1  Feet 
Englijh,  or  lop-c  Feet  of  Pars  ;  fo  that  the  Length  of 
the  Pulfe  was  about  twice  the  Length  of  the  Pipe. 
Whence  it  is  probable,  that  the  Lengths  of  the  Pulfes 
excited  by  the  founding  of  open  Pipes  are  in  all  Cafes 
equal  to  twice  the  Length  of  the  Pipes. 
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gin  to  difrufe  themfelves  in  Form  of  Waves/ 

Thus  a  Perfon  fpeaking  in  one  End  cf  a 
Tube,  or  Trumpet,  will  be  heard  as  fpeak¬ 
ing  from  the  other.  And  as  in  the  Cafe 
of  Light,  we  fee  the  Image  of  an  Objedl 
always  in  the  Direction  of  the  reflected 
Ray  j  fo  in  Echoes,  we  hear  a  Perfon  {peak 
at  the  Place  from  whence  the  reflected 
Wave  comes  to  the  Ear.  (CVI.) 

17.  This  was  farther  confirmed  by  the  fame  Gentle¬ 
man  Fy  another  Experimentohe  made  afterwards,  in 
which  he  found  that  an  open  Pipe  of  about  two  Pari s  Feet 
in  Length,  was  in  Unifonwith  a  String  which  vibrated 
forwards  and  backwards  243  times  in  a  Second  ;  where- 

fore  - =  Al  nearly :  that  is,  the  Length  of  a  Pulfe 
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was  about  4c.  Feet  of  Paris ,  or  nearly  twice  the  Length 
of  the  Pipe. 

(CVI.)  r.  In  order  to  account  for  the  Nature  of 
Echoes,  we  muft  confider,  that  Sound  is  perceived  as 
coming  from  that  Place,  from  which,  as  a  Centre,  the 
Pulfes  are  propagated.  This  is  well  known  by  Expe¬ 
rience  :  But  to  iliuftrate  this  Matter,  let  A  be  the  Centre  p[ate 
from  whence  any  Sound  is  directly  propagated,  and  XXXII. 
ftrikes  againft  any  plain  Obftacle  CB,  fufficiently  large;  jTjg. 
draw  A  F  perpendicular  to  B  C,  and  produce  it  to  H, 
fo  that  it  may  be  AF  =  F  H ;  the  Sound  reflected  will 
be  perceived  as  coming  from  the  Point  H. 

2.  For  let  A  B  be  the  incident  Ray,  impinging  againft  A 
the  Obftacle  B  C  in  the  Point  E;  from  E  draw  the  Ray 
K  D,  in  fuch  a  manner  that  the  Angle  CED  may  be 
equal  to  the  Angle  E  F  A,  or  that  the  Angle  of  Inci¬ 
dence  may  be  equal  to  the  Angle  of  Reflection ;  then 
will  E  D  be  the  reflected  Ray  of  Sound,  and,  (f  pro¬ 
duced,  will  pafs  through  the  Point  H ;  for  the  Angle 
FEH^CEDrFEA.  Therefore  in  theTriangleS 
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Because  the  Sound  is  ftronger  in  Pro¬ 
portion  as  the  Air  is  denier,  it  muft  foi- 


the  Difference  therefore  between 
7  Feet,  for 


A  D  and  A  E  D  muft  not  be  lefs  than  i 
the  Echo  to  be  diftindlly  heard  in  D. 

64  Hence  alfo  it  follows,  that  a  Perfon  fpeaking  or 
uttering  a  Sentence  in  A  aloud,  in  order  to  obferve  th« 
Echo  by  Refledtion  from  the  Obftacle  B  C,  ought  to 

low, 


A  F  E  and  E  F  H,  fince  the  Angles  of  one  are  refpec- 
tively  equal  to  the  Angles  of  the  other,  and  the  Side 
F  E  common  to  both,  the  Sides  of  one  Triangle  will 
be  refpedlively  equal  to  the  Sides  of  the  other,  and 
therefore  H  F  =  A  F ;  wherefore  the  reflex  Sound 
will  be  heard  by  a  Perfon  at  D,  as  coming  from  the 
Point  H. 

3.  As  the  Place  of  the  Auditor  or  Point  D  approaches 
towards  A,  the  Cafe  will  conftantly  be  the  fame  with 
Refpedt  to  the  Centre  of  Sound  H;  the  Triangles 
will  ftill  be  equal,  and  all  their  Angles  and  Sides  re¬ 
fpedlively;  therefore  when  D  coincides  with  A,  the 
reflex  Sound,  or  Echo,  will  be  heard  from  the  Point 
H  ;  which  was  to  be  demonftrated. 

4.  The  fame  Sound  therefore  is  heard  twice  by  an 
Auditor  at  D  ;  firft  by  the  diredl  Ray  A  D,  and  fecondly 
by  the  reflex  Ray  AED  ;  provided  the  Difference  be¬ 
tween  A  D  and  A  E  D  be  fufnciently  great,  that  the 
direct  and  reflex  Sound  do  not  in  the  fame  fenfiblc  Mo¬ 
ment  of  Time  affedt  the  Ear:  For  if  the  reflex  Sound 
arrives  at  the  Ear  before  the  Impreflion  of  the  direft 
Sound  ceafes,  the  Sound  will  not  be  double,  only  ren¬ 
der’d  more  intenfe. 

5.  We  know  by  Experience,  if  more  than  9  or  10 
Syllables  are  pronounced  in  a  Second,  the  Sounds  will 
not  bediftindt  and  articulate;  therefore,  that  the  reflex 
Sound  may  not  be  confounded  with  the  diredt  Sound, 
there  ought  to  be  at  leaft  the  9th  Part  of  a  Second 
between  the  Times  of  their  Appulfe  to  the  Ear.  Butin 
the  9th  Part  of  a  Second  Sound  runs  through  the  Space  of 

142  - 

—  127  feet; 


A 

- _ 
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low,  that  the  Voice  jpafllng  through  a  Tube 
or  Trumpet  muft  be  greatly  augmented  by 

ftand  at  leaft  73  or  74  Feet  from  it,  that  is,  AFr  74. 
And  fince,  at  the  common  Rate  of  Speaking,  we  pro¬ 
nounce  not  above  3^  Syllables  per  Second  (or  read  more 
than  20  Lines  of  Englijh  Poetry  per  Minute)  therefore 
that  the  Echo  may  return  juft  as  foon  as  the  three  Syl¬ 
lables  are  exprefs’d,  we  muft  have  twice  A  F  equal  to 
about  1000  Feet;  or  the  Speaker  muft  ftand  about  500 
Feet  from  the  Obftacle  B  C ;  and  fo  in  Proportion  for 
any  other  Number  of  Syllables. 

7.  In  all  the  Experiments  which  Dr.  Derham  made 
with  the  Guns  at  Blackheath ,  there  was  always  a  re¬ 
duplication  of  the  Sound,  particularly  the  firft  in  the 
foregoing  I'able,  on  February  13,  1 704  ;  where  the 
direil  Sound  came  firft  in  120  Half-Seconds,  and  the 
reflex  Sound  or  Echo  in  122  Half-Seconds.  The  Dif¬ 
ference  in  Time,  being  a  whole  Second,  fhews  the  Echo 
pafs’d  over  1142  Feet  more  than  the  diredt  Sound  ; 
and  that  therefore  the  Pbonocamptic  Object,  or  Obftacle 
which  reflected  the  Sound,  was  very  probably  near  the 
Guns ;  fince  after  the  Pulfes  had  pafs’d  a  great  way, 
they  would  have  been  too  weak,  when  reflected,  to 
have  made  an  Echo  as  ftrong  or  ftronger  than  the  di¬ 
rect  Sound,  as  the  Dodlor  always  found  it  was. 

8.  By  fome  Experiments  which  he  made  on  Guns 
fired  on  the  River  Thames,  between  Deptford  and  Cuc¬ 
kold’ s-Point,  he  obferved  the  Sound  was  not  only  dou¬ 
bled,  but  tripled,  quadrupled,  and  fometimes  repeated 
many  more  times,  and  each  fucceeding  Echo  was  lpEcIer 
and  louder;  and  often  when  he  heard  thofe  Fragors  of 
great  Guns,  he  obferved  a  Murmur  aloft  in  the  Air, 
efpecially  if  the  Heavens  were  quiet  and  ferene  ;  And  t 
thofe  Pulfes  of  Air  he  has  obferved  to  ftrike  againft  a 
thin  Cloud,  and  produce  in  it  a  Murmur  for  the  Space 

of  1 5".  From  hence  he  judged,  that  thofe  Murmurs 
in  the  Air  proceed  from  the  vaporous  Particles  fufpended 
in  the  Atmofphere  which  refill  the  Undulations  of 
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the  conftant  Refle&ion  and  Agitation  of 
the  Air  through  the  Length  of  the  Tube, 

Sound,  and  reverberate  them  to  the  Ear  of  the  Ob- 
ferver,  in  the  Manner  of  indefinite  Echoes. 

9.  Among  the  many  pleafant  and  ludicrous  Pheno¬ 
mena  of  Echoes ,  thofe  which  are  P  olypkonous ,  or  repeat 
divers  Syllables  or  Sounds  diflinAIy,  and  are  therefore 
call’d  ‘Tautological  or  Prattling  Echoes,  afford  the  moll 
curious  Amu  Cement.  Of  thefe  there  are  feveral  re¬ 
markable  in  different  Parts  of  the  W  orld,  and  particu¬ 
larly  here  in  England ;  concerning  which  I  refer  the 
Reader  to  Harris’s  or  Chambers’ s  Dictionary  under 
the  Word  Echo,  or  to  my  Ppilosofhical  Gram¬ 
mar. 

10.  Nor  is  this  merry  Phaenomenon  of  Sound  with¬ 
out  its  Ufe. ;  for  by  means  of  an  Echo  you  may  mea- 
fure  inaceeffible  Diftances,  the  Width  of  large  Rivers, 
Cfc.  Thus  Dr.  Dcrham  handing  upon  the  Bank  of  the 
Thames ,  oppofite  to  IVoolwich ,  obferved  that  the  Echo 
of  a  fingle  Sound  w'as  refleaed  back  from  the  Houfes 
in  6  Half-Seconds,  or  3  Seconds;  confequently, 
1142  X  3  =  3426  Feet:  the  Half  of  which,  viz.  1713 
Eeet,  is  the  Breadth  of  the  River  there  ;  which  is  more 
than  a  Quarter  of  a  Mile,  or  1320  Feet. 

11.  After  the  fame  manner  we  find  the  Meafure  of 
any  Depth,  as  that  of  a  Well  for  Inftance.  To  do  this, 
let  a  =  Space  an  heavy  Body  falls  freely  in  one  Second 
of  Time,  b  ~  Space  through  which  Sound  moves  in 
the  fame  Time,  and  c  —  I  ime  given  in  Seconds  from 
the  firft  Defcent  of  the  Stone  to  the  hearing  of  the 
Sound,  and  x  =  Depth  of  the  Well  required. 

12.  Then  to  find  how  long  the  Stone  is  in  defend¬ 
ing  to  the  Bottom  of  the  Well,  lay,  As  a ;  x  ::  \" '  ■  t 

—  L  —  Square  of  the  Time  t  in  which  the  Defcent  is 

made,  becaufe  the  Spaces  defcribed  by  falling  Bodies  are 
as  the  Squares  of  the  Times,  (Amot.  XXVI.)  where- 
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by  which  it  is  condenfed,  and  its  A6H011 
on  the  external  Air  greatly  increafed  at  its 

13.  Again,  to  find  the  Time  t  in  which  the 


Sound  afcends,  fay,  As  b  :  x  ::  —  —  =  the 

b 

Time  fought  in  Seconds ;  but  /  -j-  t  =  c  —  ^/— 

x  '  nr  nr  b 

r—‘,  therefore  x  4 -  b  */  —  —  b  c.  But  b  -J  —  =  “7= 
b  ‘a  a  y/  a 

/  X}  and  fince  x  is  the  Square  of  \/  x ,  the  foregoing 
is  a  Quadratic  Equation  ;  and,  by  compleating  the 

Square,  we  have  x  -f- 


b  y —  ,  b  b  b  b  ,  t 

~/~V  +  7*  =  = 

V  «  4a  4  a 


b  b-4-  a  a  b c  s  s  .  ,  ,  , 

- 1 - =  —  (by  putting  s  s  —  b  b  4-  a  a  b  c). 

4  a  4  a  J  0  ' 

Whence  extra&ing  the  Roots  on  each  Side  we  have  \/~x 
-j-  — — —  c±=  — s~— ,  that  is,  V'  x  =  — — -d.  But 


2\/ 


2  1/' 


w; 


x  cannot  be  a  negative  Quantity ;  and  therefore  it  can- 

not  be  V  x— - but  mull  be  */  x— - 

'Vn  2  v/  a 


Therefore  x  zz  - - -  —  the  Depth  of  the  Well  re- 

4  a 

quired. 

14.  Now  a  ~  16,122  Feet,  and  ^—1142;  whence 
4  a  —  64.488,  and  bbzz  130+164 ;  alfo  4  abzzy  3646 ; 
and  if  we  fuppofe  c  —  io'/,  then  4  a  b  c  —  736460,  and 
bb-\-4abc  —  sszz  2040624.  Whence  s  —  1428,5  ; 

and  s  —  B—  286,5;  and  s — ^=82082,25.  Confe- 


quently - 

4  a 

is  1 273  Feet, 


=  12  73  =  +■;  or  the  Depth  of  the  Well 


1  j.  Since  x  —  -77-  ,  vve  fhall  have  x  =  - — 


4  « 


24s 
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Exit  from  the  Tube  ;  which  from  hence 
is  call’d  the  Stent  or  ophonic  Tube,  or  Speak¬ 
ing-Trumpet. 

For  the  fame  Reafon,  thofe  Funnel¬ 
like  Inftruments,  which  gather  the  larger 
and  more  languid  Waves  of  Air,  do  greatly 
condenfe  them,  and  heighten  their  Power 
and  Adlion  on  the  Drum  of  the  Ear  ;  by 
which  means  Voices  and  Sounds  are  ren¬ 
der’d  Jlrong ,  loud,  and  audible ,  which  were 
not  fo  before  to  a  deafen’d  Ear;  and  hence 
thefe  Inftruments  come  to  be  call’d  Ota- 
cguJUcs. 

I  shall  only  obferve,  in  regard  of  thofe 
Inftruments  which  magnify  Sounds,  and 
affift  the  Hearing,  that  the  longer  they  are , 
the  greater  is  their  E ffeSl ;  and  that  of  all 
the  Forms  or  Shapes,  none  is  fo  good  as 
that  derived  from  the  Revolution  op  the  Lo- 


I  1 


! 

' 


J1 


and  therefore  — —  =  - divided  by  ./  a  ,  that  is,  I  ( 

v/a  V« 


286,5 


i 


8,89  Seconds,  the  Time  of  ‘ 


V  a  2 a  32>24 
the  Stone’s  Defcent  to  the  Bottom  of  the  Well.  (See 
Art.  12.)  _ _ 


x  5  ~  —  h 

16.  The  Time  of  the  Sound’s  Afcent  is  —  = - 

b  b 


Iddkk’pA  —  i , x i  of  a  Second.  But  8, ^89+  i,"il 
73646 


10",  the  whole  Time,  as  it  ought  to  be. 
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garithmic  Curve  about  its  Axis. 

(evil.) 

(CVII.)  t.  The  S  tent  or •of.bon'c  Tube,  or  Speaking-  Plate 
’ Trumpet ,  is  ufed  for  magnifying  of  Sound,  particularly  X^XIIF 
that  of  Speech,  and  thus  caufing  it  to  be  heard  at  a  Fio\  5. 
great  Diftance,  how  it  does  this  will  be  eafy  to  under-  ° 
lLnd  from  the  Structure  thereof.  Let  A  BC  be  the 
Tube,  B  D  the  Axis,  and  B  the  Mouth-Piece  for  con¬ 
veying  the  Voice  to  the  Tube. 

2.  Then  ’tis  evident  when  a  Perfon  fpeaks  at  B  in 
the  Trumpet  the  whole  Force  of  his  Voice  is  fpent  up¬ 
on  the  Air  contained  in  the  Tube,  which  will  be  agi-  ^"\ 
tated  thro’  the  whole  Length  of  the  Tube ;  and  by  va¬ 
rious  Reflexions  from  the  Side  of  the  Tube  to  the  Axis, 

the  Air  along  the  middle  Part  of  the  Tube  will  be 
greatly  condenfed,  and  its  Atomentu?n  proportionably  in- 
creafed,  fo  that  when  it  comes  to  agitate  the  Air  at  the 
Orifice  of  the  Tube  A  C,  its  Force  will  be  as  much 
greater  than  what  it  would  have  been  without  the  Tube, 
as  the  Surface  of  a  Sphere,  whofe  Radius  is  equal  to 
the  Length  of  the  Tube,  is  greater  than  the  Surface  of 
the  Segment  of  fuch  a  Sphere  whofe  Bafe  is  the  Orifice 
of  the  'Lube. 

3.  For  a  Perfon  fpeaking  at  B,  without  the  Tube, 
will  have  the  Force  of  his  Voice  fpent  in  exciting  con¬ 
centric  Superficies  of  Air  all  around  the  Point  B  ;  and 
when  thole  Superficies  or  Pulfes  of  Air  are  diffufed  as 
far  as  D  every  way,  ’tis  plain  the  Force  of  the  Voice 
will  there  be  diffuled  through  the  whole  Superficies  of  a 
Sphere  whofe  Radius  is  BDs;  but  in  the  Trumpet  it 
will  be  fo  confined,  that  at  its  Exit  it  will  be  diffufed 
through  fo  much  of  that  fpherical  Surface  of  Air  as  cor- 
refponds  to  the  Orifice  of  the  Tube.  But  fince  the 
Force  is  given,  its  Intenfity  will  be  always  inverfely  as 
the  Number  of  Particles  it  has  to  move;  and  therefore 
in  the  Tube  it  will  be  to  that  without,  as  the  Superfi- 

1  cies  of  fuch  a  Sphere  to  the  Area  of  the  large  End 
of  the  Tube  nearly. 

4.  To  make  this  Matter  yet  plainer  by  Calculation; 

Let  B  D  —  5  Feet,  then  will  the  Diameter  of  the 
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From  the  fourth  Property  of  the  aerial 
Pulfcs  we  have  the  Origin  of  the  various 

Sphere  DE  =  io  Feet,  the  Square  of  which  is  100, 
which  multiplied  by  0,7854,  gives  78,54  fquare  I eet  , 
for  the  Area  of  a  great  Circle  AHEFC.  And  there¬ 
fore  4  times  that  Area,  viz.  4X78,54=3 1 4s1 6  —  lquare 
Feet  in  the  Superficies  of  the  Aerial  Sphere.  If  now  1 
the  Diameter  A  C  of  the  End  of  a  Trumpet  be  one  5 
Foot,  its  Area  will  be  0,7854;  but,  7854:  3I4j>6  * 

::  1  :  400,  therefore  the  Air  at  the  Diftance  of  B  D  ! 
will  be  agitated  by  means  of  the  Trumpet,  with  a 
Force  400  times  greater  than  by  the  bare  Voice  alone.  - 

5.  Again,  ’tis  farther  evident  how  Inftruments  of 
this  Form  aflifl  the  Hearing  greatly  ;  for  the  weak  and  1 
languid  Pulfes  of  Air  being  received  by  the  large  End 
of  the  Tube,  and  greatly  multiplied  and  condenfed  by 
the  tremulous  Motion  of  the  Parts  of  the  Tube  and  Air 
agitated  by  them,  are  conveyed  to  the  Ear  by  the  fmall 
End,  and  ftrike  it  with  an  Impetus  as  much  greater 
than  they  would  have  done  without  it,  as  the  Area  of 
the  fmall  End  at  B  is  lefs  than  the  Area  of  the  large  I 

End  A  C.  1 1 

6.  From  what  has  been  faid,  ’tis  evident  the  EfFeX  ■ 
of  the  Tube  in  magnifying  Sound,  either  for  fpeaking 
or  hearing,  depends  principally  upon  the  Length  of  the 
Tube.  But  yet  fome  Advantage  may  be  deiived  from  1 
the  particular  Form  or  Shape  thereof.  Some  very  emi¬ 
nent  Philofophers  have  propofed  the  Figure  which  is 
made  by  the  Revolution  of  a  P  avabola  about  its  Axis  ! 
as  the  beft  of  any  ;  where  the  Mouth-Piece  is  placed 
in  the  Focus  of  the  Parabola,  and  confequently  the  lo-  ! 
norous  Rays  will  be  reflected  parallel  to  the  Axis  of  the  1 
Tube.  See  the  Figure  of  fuch  a  Tube  in  Mufchen - 
IroeP s  EJJai  de  Phvjique. 

7.  But  this  parallel  RefieXion  feems  no  way  eflential 
to  the  magnifying  of  Sound  ;  on  the  contrary,  it  ap¬ 
pears  rather  to  hinder  fuch  an  Eft  ebb,  by  preventing  the  1 
infinite  Number  of  Reflexions  and  Reciprocations  of 
Sound,  in  which,  according  to  Sir  Ijuae  Newton ,  its 

Degrees  1 
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Degrees  of  what  we  call  the  Note,  Tone, 
or  Tune  of  Sounds,  in  regard  of  which 

Augmentation  does  principally  confift.  For  all  reci¬ 
procal  Motion,  in  every  Return,  is  augmented  by  its 
generating  Caufe,  which  is  here  the  tremulous  Motion 
of  the  Parts  of  the  Tube.  Therefore  in  every  Reper- 
cuffion  from  the  Sides  of  the  Tube,  the  Agitations  and 
Pulfes  of  the  confined  Air  muft  neceflarily  be  increa'ed; 
and  confequently  this  Augmentation  or  the  Impetus  of 
the  Pulfes  mull  be  proportional  to  the  Number  of  iuch 
Repercuffions,  and  therefore  to  the  Length  of  the  Tube, 
and  to  fuch  a  Figure  as  is  moll  produdlive  of  them. 

Whence  it  appears,  that  the  Parabolic  Trumpet  is  of  all 
ethers  the  mfl  unfit  for  this  Purpofie,  inftead  of  being  the 
beft. 

8.  But  there  is  one  Thing  more  which  contributes 
to  the  Augmentation  of  thole  Agitations  of  Air  in  the 
Tube,  and  that  is  the  Proportion  which  the  feveral 
Portions  of  Air  bear  to  each  other  when  divided  by 
tranfverfe  Sedlions,  at  very  fmall  but  equal  Diftances, 
from  one  End  of  the  Tube  to  the  other.  Thus  let  thofe 
feveral  Divifions  be  made  at  the  Points  a ,  b ,  r,  d ,  r,  pjate 
&c.  in  which  let  the  Right  Lines  a  k,  b  l,  c  m,  dn  &c.  XXXIII, 
be  taken  in  Geometrical  Proportion.  Then  will  the 
Portions  of  Air  contained  between  B  and  a ,  a  and  by 

b  and  c,  c  and  d,  &c.  be  very  nearly  in  the  fame  Pro¬ 
portion,  as  being  in  the  lame  Ratio  with  their  Bafes 
when  the  Points  of  Uivifion  are  indefinitely  near  to¬ 
gether. 

9.  But  it  has  been  fhewn  -already,  that  when  any 
Quantity  of  Motion  is  communicated  to  a  Series,  of 
elaftic  Bodies,  it  will  receive  the  greateft  Augmentation 
when  thofe  Bodies  are  in  Geometrical  Proportion. 
Therefore  fince  the  Force  of  the  Voice  is  imprefs’d 
upon  and  gradually  propagated  through  a  Series  of  elaf¬ 
tic  Portions  of  Air  in  a  Geometrical  Ratio  to  each 
other,  it  {hall  receive  the  greateft  Augmentation  pof- 
fible. 

they 
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they  are  diftinguilh’d  into  low  and  high,  or 
grave  and  acute ,  by  Muficians  call’d  Flats 
and  Sharps.  Now  the  Tone  of  a  Sound 
depends  on  the  Time  or  Duration  of  the 
Stroke  made  on  the  Drum  of  the  Ear,  by  a 
Wave  or  Pulfe  of  Air  ;  for  as  that  is  longer 
or  fhorter,  the  Tone  will  be  more  grave  or 
acute  :  And  lince  all  the  Pulfes  move  equal¬ 
ly  fwift,  the  Duration  of  a  Stroke  will  be 
proportional  to  the  Interval  between  two 

10.  Now  fince  by  Conftru&ion  it  is  B  a  ~  a  b  =  b  c 
—  c  d3  &c.  and  alfo  a  k  :  bl  \  \b l  \  cm  v.  c  m  \  d n,  and 
fo  on  ;  therefore  the  Points  k,  /,  m,  n ,  0 ,  p,  q,  r ,  s,  A, 
■will  in  this  Cafe  form  that  Curve  Line  which  is  call’d 
the  Logarithmetic  Curve:  Confequently,  a  Trumpet 
formed  by  the  Revolution  of  this  Curve  about  its.  Axis 
will  augment  the  Sound  in  a  greater  Degree  than  any 
other  figured  Tube  whatfoever. 

1 1.  But  to  fhew  the  Reafon  of  the  Nature  and  Name 
of  this  Curve,  fuppofe  the  following  Series  of  Quantities 
in  Geometrical  Progreffion,  viz.  a°  :  a1  :  a 1  :  az  :  a*  :  aK 
&c.  then  it  is  plain  the  Ratio  of  a1  to  a°  is  1,  the  Ra¬ 
tio  of  a~  to  a0  is  2,  the  Ratio  of  a3  to  a 0  is  3,  and  fo 
on  ;  whence  it  appears,  that  the  Indices  of  the  feveral 
Terms  exprefs  the  Ratios  of  thofe  Terms  feverally  to 
the  firft,  and  are  therefore  their  Logarithms.  Now  if 
in  the  above-mentioned  Figure  we  put  the  Ordinates 
a  k  =  a°  —  1,  b l  —  a1  —  a,  cm  —  ax  —  a  a.  See.  then 
will  the  intercepted  Parts  of  the  Abfcijfa  be  Ba  =  1, 
®  ^  —  2,  B  c  n:  3,  &c.  and  therefore  the  Logarithms  or 
Exponents  of  the  Ratios  of  thefe  feveral  Ordinates  to 
the  firft  or  Unity.  Hence  the  Curve  which  connects 
thofe  Ordinates  is  called  the  Logarithmetical  or  Logijiical 
Curve. 
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fucceffive  Pulfes ;  and  confequently,  a  Sound 
js  mre  or  lefs  Grave  or  Acute  in  Proportion 
to  the  Length  of  that  Interval 

Hence  it  follows,  that  all  the  Sounds 
I  from  the  hudeft  to  the  loweji,  which  are 
excited  by  the  Vibrations  of  the  fame  Bo¬ 
dy,  are  of  one  Lone.  It  likewife  follows, 
j  that  all  thofe  Bodies  whofe  Parts  perform 
their  Vibrations  in  the  fame  or  equal 
Times,  have  the  fame  Tone :  Alfo,  thofe 
'  Bodies  which  vibrate  floweft  have  the  gravejl 
or  deepeft  Lone ;  as  thofe  which  vibrate 
1 1 quickeji  have  the  jharpejl  or  Jhrille ft  Lone. 

The  Times  of  the  Vibrations  of  Mufi- 
cal  Strings ,  and  confequently  the  Tones, 
vary  in  refpeft  of  the  Length ,  the  Magni¬ 
tude,  and  the  Lenfion  of  thofe  Strings.  For 
j  if  two  Strings  A  B,  C  D,  are  of  the  famepjatc 
Magnitude,  and  ft  retch’d  by  equal  Weights  XXXIV. 
E,  F,  have  their  Lengths  as  2  to  1,  the  FlS- 
Times  of  their  Vibrations  will  be  in  the 
fame  Ratio.  Hence  the  Number  of  Vibra¬ 
tions  of  the  two  Strings  A  B,  CD,  per¬ 
form’d  in  the  fame  Time,  will  be  inverfely 
as  their  Lengths ;  or  CD  will  make  two 
Vibrations,  while  A  B  performs  one.  The 
Vibrations  of  two  fuch  Strings  will  there¬ 
fore  co-incide  at  every  fecond  of  the  leffer. 

Again  :  If  two  Strings  of  the  fame  kind  ^  ^ 
AB,  CD,  have  their  Diameters  as  2 to  1, 

and 
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and  are  of  equal  Length,  and  tended  by 
equal  Weights  E,  F ;  the  Times  cf  the  Vi-. ' 
brat  ions  will  be  as  their  Diameters ,  viz.  as;  I 
2  to  1  j  and  fo  the  Vibrations  in  a  given  i 
Time,  and  the  Co-incidences,  as  before.  ;] 
Lastly  :  If  the  Diameters  and  Lengths  . 
of  the  Strings  be  equal,  the  Times  oj  the . 
Vibrations  will  be  inverfely  as  the  Square! 
Roots  of  the  Weights  which  ftretch  them.  If 
the  Weights  E  and  F  be  as  1  to  4  (the: 
Plate  Square  Roots  of  which  are  1  and  2)  then  > 
XXXIV.  the  Times  of  Vibration  in  A  Band  CD 
I  )g-  3'  will  be  as  2  to  1.  Hence  in  conftrubling\ 
f fringed  Inftruments ,  as  Spinets,  Harpsi¬ 
chords,  &c.  a  fkilful  Artift  will  com-) 
.pound  thefe  Proportions  of  the  Length ,  j 
Diameter ,  and  Tenfion  of  the  Strings  to: 
very  great  Advantage. 

In  Wind- Inftruments,  as  the  Flute,)] 
Organ,  &c.  where  the  Sound  is  made  by ij 
the  Vibration  of  a  Column  of  elaftic  Air  con-1 
tain’d  in  the  Tube,  the  Time  of  Vibra-s 
tionorTone  of  the  Inftrument  will  alfo. 
vary  with  the  Length  and  Diameter  of  tbe\ 
faid  Column  oj  Air ,  and  Force  of  the  Voice , 
which  compreffes  it;  as  will  be  eafy  to 
obferve  from  Experiments.  ,  i 

If  one  Body  be  made  to  found  with 
another,  then*  Vibrations  will  co-incide  af¬ 
ter 
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ter  a  certain  Interval ;  and  the  fhorter  the 
Interval  of  the  Cc-incidence,  the  more 
agreeable  is  the  Efledl  or  Confonance  to 
the  Ear ;  coniequently,  thofe  which  are 
moft  frequent  produce  the  mofc  perfedt 
Confonance  or  Concord,  as  it  is  commonly 
called.  When  the  Times  of  Vibration,, 
therefore,  are  equal,  the  Concord  is  moil; 
perfedt  and  more  agreeable  than  any  o- 
ther,  and  this  is  called  Unison. 

If  the  Times  of  Vibration  are  as  i  to  2, 
the  Co-incidence  will  be  at  every Tecond 
Vibration  of  the  quickeft,  and  fo  this  is 
the  next  perfedt  Concord,  and  is  what  we 
commonly  call  a  Diapason,  of  Octave. 

If  the  Times  of  the  Vibration  be  as  2 
to  3,  the  Co-incidence  will  be  at  every 
third  Vibration  of  the  quickeit;  which 
therefore  is  in  the  next  Degree  of  Perfec¬ 
tion,  and  this  is  called  a  Diapente,  or 
Fifth.  If  the  Tunes  of  Vibration  are 
as  3  to  4,  the  Co-incidence  will  be  at  every 
4th  of  the  lefier ;  and  this  is  called  the 
Diatessaron,  or  Fourth.  But  this, 
and  the  next  which  follow  in  Order,  are 
not  fo  agreeable  and  pleafant  to  the  judi¬ 
cious  Ear,  and  are  therefore  called  Imper¬ 
fect  Concords.  Nor  are  there  above  fcven 
Notes  in  all  the  infinite  Variety  of  Tones, 

which 
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which  can  merit  a  Place  in  Muficsl  Com-  j 
Plate  potions,  and  they  are  exhibited  in  Fig.  IV.  1 
XXXIV.  which  reprefents  the  Strings  in  an  Octave  ] 
a  Haipfichord,  with  the  Semitones ,  or  I 
Half-Notes,  called  Flats  and  Sharps ,  by  :j 
which  the  natural  Notes  are  made  half  a  \ 
Note  lower  or  higher,  as  the  Air  of  the 
Song  or  Mufic  requires.  And  this  is  cal-  I 
led  the  Diatonic  Scale  of  Mufic.  Il 

In  this  Scale,  the  feven  natural  Notes  I 
are  marked  on  the  Keys  by  the  feven  Let-  |,sj 
ters  C,  D,  E,  F,  G,  A,  B.  The  firft  of 
which  is  call’d  the  Fundamental  or  Key;  ‘j 
the  reft  in  Order  are  the  Second  Greater ,  j 
the  Fhird  Greater ,  the  Fourth  Greater,  the  j 
Fifth,  the  Sixth  Greater,  the  Seventh  Great-  I 
er,  and  then  the  Eighth,  which  begins  the  'j 
nextOblave.  Between  thefe  are  interpofed  i 
the  five  Semitones ,  viz.  the  Second  Lef'er,  j 
the  Fhird  Lefer ,  the  Fourth  Lef'er,  the  Sixth  ’ 
Lef'er,  the  Seventh  Lef'er.  Thefe  Several 
Tones  and  Semitones  have  the  Lengths 
of  the  Strings  adjufted  from  the  Divifion  1 
of  the  Monochord,  or  Line  divided  into  *  '‘j 
too  or  1000  equal  Parts,  as  is  very-  eafy  ll; 
to  apprehend  from  the  Figure.  "  ’  - 

The  Number  ot  thole  Divifions  are  alfo 
fhewn  for  each  String,  by  the  firft  Series,  ij 
of  Numbers  on  the  Strings ;  the  next  Sc¬ 
ries 
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ries  fhew  the  Proportion  of  the  Length  of 
each  String  to  that  of  the  Key ,  or  Mono- 
chord -,  and  confequently  the  Number  of 
Vibrations  of  the  Fundamental  and  each 
String  refpedlively,  performed  in  the  fame 
Time. 

Of  thefe  twelve  Intervals  or  Ratios  of 
Mufical  Sounds,  the  Otfaves  and  Fifths  are 
perfect  Concords ;  the  third  Greater,  third 
LeiTer,  the  Greater  and  Leffer  Sixth  are 
imp  erf e  hi  Concords-,  the  Greater  Fourth,  the 
two  Seconds ,  and  two  Sevenths  are  Df cords ; 
the  Fourth  is  in  its  own  Nature  a  perfect 
Concord,  but  lying  between  the  Third  and 
Fifth,  it  cannot  be  ufed  as  fuch,  but  when 
joined  with  the  Sixth,  to  which  it  Hands 
in  the  Relation  of  a  Third.  All  Melody 
and  Harmony  are  compos’d  of  thefe 
twelve  Notes  j  for  the  Odlaves  above  or 
below  are  but  the  Replications  of  the  fame. 
Sounds  in  a  higher  or  lower  Tone.  Me- 
|lody  is  the  agreeable  Succeffion  of  feveral 
Mulical  Sounds  in  any  fingle  Piece  of  Ma¬ 
fic  ;  as  Harmony  is  the  Effect  of  feveral 
of  thofe  Pieces  or  Parts  of  Mufic  play’d 
together.  (CVIII.) 

(CVIII.)  i.  In  order  to  account  for  the  Motion  and  pja,  „ 
Tone  of  an  elaftic  String,  or  Mufical  Chord  A  B,  it  will  XXXM 
he  proper  to  confider  it  as  tended  or  ftretched  by  a  „ . 

Harmo-  lb*  71 


. 
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Harmonical  Proportion  is  that  which  }j 
is  between  thofe  Numbers  which  affign  the  1 


Weight,  as  F,  according  to  its  Length,  and  drawn  oat  j| 
of  its  right-lined  Pofition  A  B,  into  an  oblique  Pofition  J 
ADB,  by  another  Weight,  as  E.  The  former  may  [I 
be  call’d  the  Tending  Force ,  and  the  latter  the  Injlefling 
Force.  1 1 

2.  Now  fince  the  Tending  Force  F  afls  upon  the  [I 
String  in  the  Direction  D  B,  it  may  be  reprefented  by  J 
the  Line  C  D,  which  Line  or  Force  may  be  refolved  [I 
into  two  others,  viz.  CB  and  CD;  of  which  the  J 
former  draws  the  String  horizontally  from  D  to  B,  and 
the  other  adds  in  drawing  the  String  direSly  upwards  I 
from  D  to  C.  Therefore  the  Part  of  the  Force  which  J 
adds  in  drawing  the  String  perpendicularly  upwards  is  to  'i 
the  whole  Force  as  C  D  to  D  B  ;  or,  by  fuppofing  D  C  ! 
to  be  indefinitely  fmall,  as  C  D  to  C  B  ;  becaufe  in  •  ; 
that  Cafe  DBraCB  nearly.  But  the  Force  which  | 
adds  in  drawing  the  String  upwards  is  equal  to  the  In-*  I 
fleCting  Force,  becaufe  they  balance  each  other.  There¬ 
fore  the  Inflecting  Force  E  is  to  the  Tending  Force  F 

as  C  D  to  C  B,  or  - „ — *  =  D. 

o  C 

3.  Therefore,  putting  C  D  =:  S,  and  2  C  B  =  L  — 

F  X  S 

the  Length  of  the  String,  we  fhal!  have  — = —  :  E  j 

jL 

hence  it  follows,  that  if  F  and  L  are  givert,  that  is,  if 
the  Tending  Force  and  Length  of  the  String  remain 
the  fame,  the  Infledding  Force  E  will  be  always  as  the 
Line  CD  r  S.  This  is  confirmed  by  Experiment : 
For  if  A  B  be  a  Brafs  Wire  3  Feet  Long,  ftretche4 
over  the  Pulley  at  B  by  a  Weight  F  =  3  Pounds;  if  i 
then  E  be  firil  k  an  Ounce,  it  will  draw  the  Wire  thro’  j 
C  D  =  of  an  Inch  ;  if  E  be  an  Ounce,  it  will  draw  it  j 
through  C  D  |  of  an  Inch  ;  and  fo  on. 

4.  The  String  being  drawn  into  the  Pofition  ADB  j 
has  an  Endeavour  to  return,  which  is  called  the  R>Jii-  j 
tutive  Force ,  and  which  re-aCts  againft  the  InfleCting  j 

Lengths  j 
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Lengths  of  Mufical  Intervals,  or  the  Lengths 
of  Strings  founding  Mufical  Notes  j  and  of 


Fofce ;  it  muft  therefore  be  equal  to  it,  and  confe¬ 
quently  proportional  to  the  Line  C  D.  W  herefore  the 
Point  D  is  carried  towards  G  with  a  Force  every  where 
proportional  to  the  Diftance  or  Space  parted  over.  But 
we  have  fhewn,  that  the  Spaces  parted  by  Bodies  in 
Motion  are  as  the  Times  and  Velocities  conjointly, 
that  is,  S  :  T  V  5  (See  Annotation  XXII.)  alfo  that  the 
Force  of  moving  Bodies  is  as  the  Quantity  of  Matter 
and  Velocity  conjointly,  viz.  M  =  Q_V  ;  therefore 

—  — V  =  — ,  or  T  M  =  S  Q.  But  in  the  prefent 

T  Q_ 

Cafe  Q_  is  a  given  Quantity,  therefore  T  M  is  as  S  ; 
and  becaufe  it  has  alfo  been  fhewn  that  M  is  as  S  in 
the  prefent  Cafe  of  the  String,  therefore  T,  or  the  Time 
in  which  the  Vibrations  are  made,  whether  through 
greater  or  fmaller  Spaces,  is  ever  the  fame,  or  a  given 
Quantity. 

5.  The  Reftituent  Force  of  the  String,  as  it  ads 
through  very  fmall  Spaces,  may  be  looked  upon  as  uni¬ 
form  ;  and  then  the  Motion  generated  in  the  String 
will  be  as  the  Laid  Force  and  Time  of  its  ading,  that  is, 
M  :  E  T.  Now  in  all  Cafes  it  is  M  :  QJV  ;  but  here 
it  is  Q_:  P1  L,  (fuppofing  D  =  Diameter  and  L  =3 
Length  of  the  String)  therefore  M  :  ET:  DlLV, 
D1  L  V 

and  confequently  T  :  — ;  but  before,  we  had  E  : 


r  o  . 

— which  fubftituted  in  the  above  Ratio  gives  T  ; 

L 

r>i  T  1 V  V  I  , 

.  But  (fmce  S  :  T  V)  we  have  •-  :  =,  there- 
F  S  o  1 


fore  T  :  that  is,  F  T2  :  D2  L1,  therefore  F2  T : 

F  X 

DL;  confequently,  T  :  "pT’  That  *s>  the  Time  of 


a  Vibration  ts  as  the  Diameter  and  Length  of  the  String 
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three  Numbers  it  is,  when  the  Firjl  is  to  the 
Third,  as  the  Difference  between  the  Firjl 

.chi  ctily,  and  as  the  Square  Root  of  the  Tending  Force  in- 
verftiy. 

6.  Hence  if  D  and  F  be  given,  T  is  as  L ;  that  is, 
if  the  Diameter  of  the  String  and  its  Tending  Force 
continue  the  lame,  the  Tune  of  a  V ibration  will  vary 
•with  the  Length  of  the  String,  or  be  always  proportional 
to  it ..  Thus  of  the  Monochord  vibrates  in  {  of  the 
Time  that  it  does,  which  is  called  an  Odlave  ;  4  of  the 
Monchord  vibratesin  4  of  the  Time,  and  is  called  a 
Fifth ;  |  vibrates  in  4  of  the  Time,  and  is  called  a 
Fourth ,  and  fo  on. 

7.  If  F  and  L  be  given,  T  is  as  D;  that  is,  if  the 
Tending  F orce  and  Length  of  the  String  remain  the 
fame,  the  Time  of  a  Vibiation  will  vary  with ,  and  he 
proportional  to,  the  Diameter  of  the  String. 

8.  If  p  and  L  be  given,  then  T  is  inverfely  asF1'; 
that  is,  if  the  Diameter  and  Length  of  the  String  be 
given,  then  the  Time  of  a  Vibration  will  be  as  the  Square 
Roots  of  the  Tending  Force. 

9.  Now  as  the  Tone  of  a  String  depends  entirely 
upon  the  Time  of  a  Vibration,  it  is  eafy  to  underftand, 
that  whatever  the  founding  Body  be,  or  how  many 
foever  there  be  together,  if  when  they  emit  a  Sound  the 
Vibrations  in  each  are  of  the  fame  Duration,  they  will 
all  be  of  the  fame  Note,  Tone,  or  Tune,  which  is 
call’d  Unifon. 

10.  In  a  Drinking-Glafs,  if  a  Perfon  paffes  his  wet¬ 
ted  Finger  brifkly  round  the  Brim  of  theGJafs,  prefling 
it  at  the  fame  time,  he  will  by  degrees  raife  Tremors  or 
Vibrations  in  the  Parts  of  the  Glafs,  whioh  will  produce 
a  Tone  or  Sound,  which  will  be  conftant  fo  long  as 
the  A&ion  of  the  Finger  is  continued,  and  more  and 
more  intended  or  heightened  :  So  that  if  the  Adion  be 
continued  long  enough,  the  Agitation  will  be  fo  great 
as  to  di. engage  the  Pai  tides,  or  break  their  Continuity, 
and  thus  reduce  tne  Glafs  to  pieces,  if  not  too  ilrong. 

and 
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and  Second  is  to  the  Difference  between  the 
Second  and  third ,  as  the  Numbers  3,  4,  6. 
Thus  if  the  Lengths  of  Strings  be  as  thefe 
Numbers,  they  will  found  an  Oadve,  3  to 
6  ;  a  Fifth ,  2  to  3  ;  and  a  Fourth,  3  to  4. 

Again  :  Harmonica l  Proportion  between 
four  Numbers  is,  when  the  Firjl  is  to  the 


II.  The  Sound  excited  in  the  Glafs  feems  one  entire 
Effedt,  whereas  it  is  in  reality  an  Aggregate  or  AfTemblage 
of  an  indefinite  Number  of  Sounds,  each  effected  by 
each  fingle  Vibration  of  the  Glafs  ;  but  as  the  1  imes 
of  the  Vibrations  are  fo  quick  and  ftiort,  their  Intervals 
will  be  imperceptible,  and  confequently  the  Dift.na.on 
of  the  particular  Sounds,  which  will  therefore  be  loft,  an 
the  Whole  will  appear  but  one  entire  Sound.  After  the 
fame  Manner  a  red-hot  Coal  whirl'd  about  makes  the 
Appearance  of  a  fiery  Circle,  bccaufe  the  Coal  tcceeds 
to  every  particular  Point  of  the  Circle  fo  quick,  that 
a  new  Impiefiioil  is  made  upon  the  R,nm  before  the 
ffffedl  of  the  laft  is  obliterated,  and  lo  the  Coal  appear,. 

in  every  Part,  of  the  Circle.  . 

12  The  Tremors  of  the  Glafs  are  made  extremely 

fenfible  by  putting  a  little  Water  into  the  Glafi  ;  for  the 
Agitations  of  the  Glafs  will  by  Degrees  give  Motion  to 
the  Water,  which  Motion  will  continually  be  increafed 
till  it  be  thrown  up  from  the  Surface  in  I  orin  ot  a  IV  1 
all  over  the  Glafs,  and  to  a  confiderable  Height  aoove 
it  every  way.  It  is  remarkable  that  the  Motion  of  the 
Water  is  in  Form  of  a  Vortex ,  circulating  round  by 
the  Sides  of  the  Glafs,  and  raging  with  impetuous 
Waves  like  the  Sea  after  a  prodigious  I  empett. 

n.  Or  otherwife  thefe  Vibrations  of  the  Glafs  are 
made  fenfible  by  adjufting  a  Screw  very  near  the  Rim 
of  the  Glafs  )  then  upon  ftriking  the  Glafs,  it  wifi  irn- 
mediatel  v  be'heard  to  ftrike  agamft  the  End  of  the 
Screw,  which  will  fhew  not  only  the  Vibration  of  the 
Glafs,  but  alfo  that  in  vibrating,  the  norm  is  alter  d  from 
circular  to  elliptical. 

S  2  Fourth 
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Fourth  as  the  Difference  between  the  Firft  and 
Second  is  to  the  Difference  between  the  Third 
and  Fourth ,  as  in  the  Numbers  5,  6,  8,  10  : 
For  Strings  of  fuch  Lengths  will  found  an 
Otfave,  5  to  10  j  a  Sixth  Greater,  6  to  10 ; 
a  Third  Greater,  8  to  10  j  a  Third  LefTer, 

5  to  6  5  a  Sixth  Leffer,  5  to  8 ;  a  Fourth, 

6  to  8. 

It  may  be  here  obferved,  that  a  Series  of 
Numbers  in  FLarmonical  Proportion  are  reci¬ 
procally  as  another  Series  in  Arithmetical  Pro- 
grefion , 

Ag  j Harmonieal  10:12:  15  :  20: 30  :  60: 7 
l Arithmetical  6:  5:  4:  2:3:  1 : J 
for  here  10:  1 2  : :  5  :  6  ;  and  12:  15::  4 
:  5 ;  and  fo  of  all  the  reft.  Whence  thofe 
Series  have  an  obvious  Relation  to,  and 
Dependence  on,  each  other;  which  in  fome 
Problems  of  fpeculative  Philofophy  will  be 
very  ufeful  to  know  (CIX.) 


(CIX  )  1.  Let  A,  B,  C,  be  three  Numbers  in  Mu- 
fical  Proportion ;  then  becaufe  we  have  A  :  C  ::  A  — 
B  :  B  —  C,  therefore  AB  —  AC  rr  AC  —  BC; 
whence  if  any  two  of  the  three  be  given,  the  other  is 
immediately  found  by  the  following  Canons,  viz. 

Canon  I.  If  A  and  B  be  given,  then  C  _ . 

&  2  A  —  B 


Canon  II.  If  A  and  C  be  given,  then  B  —  - 


2  A 


A-f-C 


Canon  III.  It  B  and  C  be  given,  then  A  = 


CB 

2C=B* 


If 
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If  the  three  Lines  A  D,  B  G,  C  H, 


be  Plate 

taken  in  Mufical  Proprotion,  or  as  the  Fjg  5 


2.  Thus,  for  Example,  fuppofe  you  would  find  a 
Mufical  mean  Proportional  between  the  Monochord  ioo 
A,  and  the  Oftave  50  =  C ;  then  by  Canon  II.  we 
2  A  C  1000 


have  b  -  i-— ^  =  66,6,  which  is  the  Length 


A-fC'  150 
of  that  Chord  which  is  ufually  called  the 

o.  A^ain,  If  there  be  four  Numbers  in  Mufical  Pro¬ 
portion,  as  A,  B,  C,  D;  then,  fince  it  is  A  :  D  :: 

A _ B  :  C  —  D,  we  have  AC  —  AD  — AD  —  DB. 

From  which  Equation  we  have  the  following  Canons. 

T  A  °B 

Canon  I.  A  = 


2D— C* 


Canon  II.  B  : 
Canon  III.  C 


:  2  D  —  C  X 
2  AD  —  D 


Canon  IV.  D  = 


AC 


rx-  B* 

.  Hence,  when  any  three  of  thofe  Numbers  are 
riven,  the  fourth  may  be  found  by  the  above  Canons. 
Thus  to  the  three  Numbers  10,  8,  6,  we  find  a  fourth 
Harmonical  Proportion,  which  is  5,  the  Oftave;  for 

„  „  ,  AX  C  _  10  X  6_ 

thus  the  Theorem  will  Hand, 


2  A  —  B  20  —  8 


=  5- 


5.  But  to  carry  this  Harmonical  Theory  farther,  and 
ender  it  more  general  : 

,et  the  Terms  of  an  Harmonic  |  a,B,C,D,E,F,  &c. 


Series  be  denoted  by 

nd  let  the  Difference  between  7  M,N,0,P,CL  &c- 
each  two  be.  denoted  by  S  r  n. 

6  Then  will  the  Produft  of  the  two  firft  Terms, 
?z.  A  X  B,  be  to  the  Produd  of  any  other  two  Terms 
^mediately  fucceedmg  each  other  as  C  X  D,  in  the 

S  2  Numbers 


k-  ?  .  t'-i  1,  ’< 

|1M| 

Pti 

IfJk 

•f-  'a  iif- 


'■MS’ 
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Numbers  6,  4,  3 ;  and  in  the  Line  A  D 
we  take  A  E  equal  to  BG,  A  F  equal  to 


fame 

O. 


have 


Ratio  with  their  refpe&ive 
for  by  the  Definition  of 
A  :  C  ::  M  :  N 


Differences  M  ami 
Mufical  Ratio  we 


B  :  D  ::  N 
Therel'oie  AXB 


Alfo 


:  O 

:  CXD  ::  MXN  :  NXO  ::  M  :  O. 
A  :  C  ::  M  :  N 
B  :  D  ::  N  :  O 
(  C  :  E  O  :  P 

Therefore  AXBXCtCXDXE  (::AXB:D 
X  E)  ::  M  X  N  X  O  :  N  X  O  X  P  ::  M  :  P.  That 
is,  A  B  :  DE  ::  M  :  P  ;  and  fo  on  univerfally. 

7.  Again ;  the  Difference  between  the  two  firft 
Terms  iVl  is  to  the  Difference  between  any  other  two, 
as  O,  in  the  Ratio  of  B-=—  2M  to  D  ;  or  M  :  P  ::  B 
—  3  M  :  E  ;  or  M  :  Q_”  B  —  4  M  :  F  ;  and  fo  on 
continually.  For,  by  the  Nature  of  the  Progreffion,  it 
is  A  :  C  M  :  N  ;  and  it  is  alfo  A  —  B  —  M,  (be* 
paufe  B  —  A  —  M)  therefore  it  is  B  —  M  :  C  : :  M  : 
N  ;  or,  to  put  ii  in  Form,  we  have  M  :  N  ::  B — •  1  M 
:  C.  Again  ;  B  —  M  :  M  ::  C  :  N,  and  by  Divifion 
B  —  2  M  :  M  : :  C  —  N:N::B:N;  but  (by  the 
Definition,  Art.  1.)  it  is  B  :  N  D  :  O,  therefore 
M  :  O  : :  B  —  2  M  :  D.  Again  ;  B  —  3  M  :  M  : ; 
D  —  0:0::C:0::E:P;  therefore  M  :  P  : :  B  — . 
3  M  :  E.  And  univerfally,  let  n  —  Number  of  7’erms 
in  the  Series  between  the  firft  and  the  Iaft,  and  Jet  the  laft 
Term  be  Z,  and  Ft  the  Difference  between  it  and  the 
next  preceding  Term  be  Sj  then  will  it  be  M  :  S  :: 
B  —  n  M  :  Z. 

S.  Becaufe  (by  Art.  6.)  it  is  M  :  S  : :  A  X  B  :  Y  X  Z, 
fuppofing  Y,  Z,  the  two  laft  Terms  of  the  Series: 
therefore  A  X  B  :  Y  X  Z  : :  B —  n  M  :  Z. 

9.  Becaufe  the  firft  Term  of  the  Series  is  A  = 
AXB  ,  .  „  .  _  ^  AXB 

and  A  =: 


B 


and  the  feeood  Term  B  = 


A 


M  ;  therefore  the  econd  Term  is  B  = 


AXB 

B-TM‘ 

CH. 
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C  H,  then  will  the  Line  AD  be  divided  in  Har- 
monical  Proportion ,  in  the  Points  A,F,E,D ; 
viz.  AD:  AF::DE:EF,  And  in  this 
manner  is  the  Axis  of  a  convex  and  concave 
Mirrour  divided  by  the  Objett,  the  Image, 


In  the  fame  Manner  it  is  (hewn,  that  the  third  T erm  is 

c  =  Ar  A’ the  fou"h  Term  sAtm;  anduni- 

verfally,  fince  A  X  B  :  Y  X  Z  : :  B — ■»  M  :  Z,  or,  di¬ 
viding  the  confequents  by  Z,  A  X  B  :  Y  : :  B  n  M  :  i } 

thprefnre  Y  —  -A25—  ;  and  fince  n  ~  Number  of 
therefore  i  —  jg  _  «  M 

Terms  between  A  and  Z,  it  will  exprefs  the  Number 
or  Place  which  the  Term  Y  holds  in  the  Series,  there¬ 
fore  am  Term  Y  is  equal  to  the  Product  of  the  firjl  and 
feccnd  Term  B  of  the  Series  divided  by  the  Difference  be¬ 
tween  that  fiecond  Term  B,  dirninijhed  by  fo  many  times  its 
Difference  from  the  firff ,  as  is  equal  to  the  Number  of  the 
Terms  from  the  fir  It  to  the  given  Term  Y. 

10.  All  the  Terms  in  a  Mufical  Progreffion  are  among 
themf elves  as  Quantities  whfe  Recipro  -als  conftitute  a  Se¬ 
ries  in  Arithmetical  Progreffion,  Thus  the  I  erms^of^the 

firft  Series  A,B,C,D,E,  &c.  are  (by  Art.  9.)  as  — s— » 


axb  axb  axb 


B — M’  B— aM*  B— 3M 


,  lAc.  to 


AXB 


B 

;  which 


B. — «M 

1  1 

Series  divided  by  A  X  B  gives  the  Series  -g, 

1  1 _  _ l _ .  But  the  Recipro- 

B  —  2M*  B — 3M’  B  —  n  M 
cals  of  this  Mufical  Series  are  B,  B  —  M,  B  2  M, 
B  —  3  M,  to  B  —  n  M  ;  which  T erms  are  all  in  Arith¬ 
metical  Progreffion.  If  the  Harmonic  Series  had  been  de- 
creafing,  viz.  A —  B  =  M,  B-C  =  N,  (Ac  we 
fhould  have  had  A  =  M  —  B,  viz.  the  Signs  of  M  and 
B  changed,  but  every  thing  elfe  the  fame. 

S  4 


the 
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the  Vertex  of  the  Mirrour ,  and  the  Centre , 
as  may  be  eafily  fhewn  by  Experiment. 

Also  the  Limits  of  the  Colours  of  Light, 
as  feparated  by  the  Priim,  fall  upon  the  fe- 
ven  Mufical  Divjions  of  the  Mono  chord,-,  as 
will  be  farther  taken  notice  of,  and  exem¬ 
plified  in  the  next  Ledfure. 

1  shall  conclude  this  with  taking  No¬ 
tice  of  one  fingular  Property  of  a  Mufical 
Chord,  viz.  that  it  will  be  put  into  a  vi¬ 
bratory  Motion  by  the  Pulfes  of  the  Air 
proceeding  from  the  Vibrations  of  another 
very  near  it,  and  in  Concord  with  it :  If 
the  vibrating  String  be  Unifan  with  it,  the 
other  will  tremble  through  its  whole  Length ; 
if  an  Ottave,  it  will  vibrate  by  the  Half- 
Lengths  only  i  if  the  String  which  com¬ 
municates  the  Motion  be  a  Doiible-Ottave 
above,  or  one  Fourth  of  the  Length  of  the 
other,  the  Motion  will  be  Hill  correfpon- 
dent  in  that  other  String,  for  it  will  vi- 
biate  only  by  the  Fourths  oj  its  Length  from 
Plate  one  End  to  the  other.  Thus  if  A  B  be  a 
XXXIV.  String  four  Feet  long,  and  C  D  another  of 
F,g-  6-  one  Foot  j  if  the  latter  be  ftruck  with  a 
Quill,  the  Vibrations  will  be  communi¬ 
cated  to  the  former  in  fuch  a  Manner  that 
it  will  vibrate  only  by  a  Foot-Length  at  the 
fame  time  through  the  whole  String  which 

wil 
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will  be  evident  by  the  fmall  Pieces  of  Paper 
by  d,f,  h,  hung  upon  the  Middle  of  every 
Foot- Length,  fuddenly  leaping  off ;  while 
the  other  Pieces  a ,  c ,  e ,  g,  /,  remain  un¬ 
moved  upon  the  String  at  the  End  of 
every  Foot,  where  the  Vibrations  feve- 
rally  begin  and  end,  and  confequently 
where  the  Line  has  no  Motion  at  all 
(CX.) 

(CX.)  t.  What  is  here  faid  relating  to  Mirrours, 
and  the  Colours  of  Light,  will  be  explained  and  de- 
monftrated  in  its  proper  Place.  That  one  String  A 
fhould  be  put  into  Vibration  by  another  B,  by  means  of 
the  Air,  is  not  ftrange,  becaufe  the  Air  will  affe<ft  the 
String  A  with  the  fame  Impulfes  it  receives  ltfclf  from 
the  String  B.  If  therefore  the  String  A  be  under  the 
fameCircumftances  with  the  String  Botherwife,  (i.e.  i  t 
it  be  of  equal  Magnitude,  and  equally  tended)  it  mutt 
neceffarily  move  in  a  fimilw  Manner,  or  vibrate  in  an 

Tlf  the  String  A  be  twice  the  Length  of  B,  then 
(c  Juris  paribus)  the  Air  by  its  Impulfe  received  from  B 
cannot  fo  affea  A  as  to  caufe  it  to  vibrate  through  its 
whole  Length  ;  but  it  will  fo  affea  each  Half  of  A  as 
to  produce  a  fimilar  Effea,  or  equal  Vibrations.  Hence 
the  String  A  will  become  divided  in  the  middle  Point, 
which  will  be  at  Reft. 

q.  And  if  the  String  A  were  three  times  as  long  as 
B,  it  would  be  for  the  fame  Reafon  divided  into  three 
Parts,  whofe  Vibrations  are  fynchronous  to  thole  of  B, 
with  two  Points  of  Reft  between ;  and  fo  on  for  any 
other  Length.  Alfo,  if  the  Lengths  of  A  and  B  are  as 
•5  to  2,  then  if  they  are  Concords,  and  one  be  itruck, 
the  other  will  be  put  into  Motion  by  Degrees,  and 1  in 
fuch  a  Manner  that  will  alter  the  Vibrations  of  the  hrlt 
String  B,  and  each  will  vibrate  by  their  aliquot  Parts, 
and  therefore  in  equal  Times. 
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lecture  viil 

Of  the  ^Nature  and  Properties  of  Light; 
the  Velocity  thereof  how  d, [covered  mid 
computed.  Of  the  Nature  o/Heat,  Fire, 
Flame  and  Burning.  Of  the  Ignes 
FatuIj  Noctilucas,  natural  and  artif- 
cial Phosphor i.  Phe  Theory  o/'Heat 
and  Cold.  Of  Asbestos.  Of  the  Na- 
tuie  and  Effect  of  Burning-Glasses, 
whether  Mirrours  or  Lenfes.  A  Calcula¬ 
tion  of  the  Light  and  Heat  of  the 
Moon.  Of  the  Caufe  of  Transparen¬ 
cy  and  Opacity  in  Bodies.  Of  the Re- 
FLECTIONfl/Tight;  of  its  INFLECTION  ;  of 
//^Refraction  of  Light.  Phe  Funda¬ 
mental  Laws  thereof  demonf rated.  7 he 

different  Refractive  Power  of  various 
Su  fiances.  7 he  Patio  of  the  Sines  of  Inci¬ 
dence  and  Refraction  fated.  Of  the 
True  and  Apparent  Places  of  Ob- 
jchls.  Of  the  Analysis  of  the  Solar 
Rays;  the  feveral  Kinds  thereof  their 
different  Refrangibility  fated ;  Ex- 
]  eriments  relating  thereto  by  the  Prism. 
Of  the  various  Colours  of  Light  by  the 

Prifm 
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prifm  ;  the  Harmonic  Ratio  of  their 
Linear  Extent  in  the  Sun’s  Image.  The 
Colours  of  Natural  Bodies  thence  ex¬ 
plain'd.  Of  the  different  Reflexibility 
of  the  Solar  Rays,  and  Experiments  re¬ 
lating  thereto.  The  Manner  and  Caufe 
thereof  enquired  into.  Of  Rings  of  co¬ 
lour’d  Light  between  Glass  Planes, 
and  Bubbles  of  Water.  The  different 
Orders  and  Degrees  of  the  fever al  Co¬ 
lours  explain'd.  The  Fits  of  easy  Re¬ 
flection  and  Transmission  explain  d. 
The  Artificial  Composition  ^Colours. 
Of  the  Rainbow  j  its  Caufe  explain  d 
Calculations  relating  thereto >  The  Phczno- 
mena  of  Halo  s  considered  and  accounted 

for. 

rip'  HAT  Light  is  not  a  mere  Quality  of 
forne  Bodies,  but  is  itfelf  a  real  Bo¬ 
dy,  or  diftind  Species  of  Matter,  and  en¬ 
dued  with  all  the  natural  Properties  there¬ 
of,  will,  I  prefume,  be  Efficiently  manifeft 
from  the  following  Experiments  relating 
thereto.  We  fhall  therefore,  at  prefent, 
take  it  for  granted,  that  Light  confifts  of  in¬ 
conceivably  f  nall  Particles  oj  Matto  oj  dif¬ 
ferent  Magnitudes ,  which  are  emitted  or  re¬ 
flected  from  every  Point  in  the  Surface  of  a 

luminous 
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luminous  Body  in  Right  Lines,  mid  in  all  Di-  ! 
regions,  with  an  unparallel' d  Velocity ,  and  \ 
whofe  Power  or  Intenfity  decreafes  as  the  Squares 
of  the  Difances  increafe.  \ 

That  the  Particles  of  Light  are  re-  1 
fra&ed  through  the  Humours  of  the  Eye  ” 
to  the  Retina,  or  fine  Expanfion  of  the  1 
Optic  Nerve  over  all  the  interior  hinder 
Part  of  the  Eye ;  and  there,  by  painting  3 
the  Images  of  external  Obje&s,  become  1 
the  immediate  Means  of  Sight,  will  be  15 
fully  fhewn  in  the  next  LeCture. 

We  fhall  now  confider  Light  under  the 
various  Characters  and  Qualities  of  a  na-  c 
tural  Body,  and  point  out  thofe  remark-  3 
able  AfFeCtions  and  Properties  fo  peculiar 
to  itfelf,  and  the  Caufes  of  fo  many  very  ' 
curious  and  extraordinary  Phenomena  in 
Nature. 

That  the  Particles  of  Light  are  incon-  ! 
ceivahly  finally  is  evident  from  hence,  that* 
the  greatefl  Quantity  of  Light,  in  the  ftate 
of  greateft  Denfity,  or  Flame,  is  found  to 
have  fcarce  any  fenfible  Gravity  or  Weight, 
which,  we  have  fhewn,  is  always  propor¬ 
tional  to  the  Quantity  of  Matter  in  all 
Bodies  :  Alfo,  becaufe  thofe  Particles  per¬ 
vade  the  Pores  of  all  tranfparent  Bodies, 
however  hard  or  heavy,  as  Glafs  and  Ada¬ 
mant. 
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mant.  But  we  know  it  more  efpecially 
from  hence,  that  the  Stroke  we  receive  by 
a  Particle  of  Light  has  no  fenfible  Force 
or  Momentum ,  which,  on  account  of  its 
prodigious  Velocity,  would  be  very  great, 
and  infufferable,  were  it  of  any  affignable 
or  conliderable  Magnitude. 

Yet,  fmall  as  they  are,  we  find  the  Rays 
confift  of  different  Sorts  of  Particles  in 
Light  emitted  from  all  Bodies ;  and  that 
this  Difference  of  the  Rays  of  Light  arifes 
from  the  different  Magnitude  of  the  Par¬ 
ticles,  feems  moft  evident  from  the  different 
Directions  the  feveral  Sorts  of  Rays  move 
in,  after  they  have  pafs’d  through  a  Body 
of  Glafs,  Water,  &c.  of  fome  fpccial  Fi¬ 
gure,  as  that  of  a  Prifm  efpecially. 

That  the  Particles  of  Light  are  emitted 
from  every  Point  in  the  Surface  of  a  Body, 
is  evident  from  hence,  that  any  given  Point 

I  in  that  Surface  is  vifible  to  the  Eye  in  any 
Situation,  from  whence  a  Right  Line  can 
be  drawn  from  the  Eye  to  that  Point ; 
which  could  not  be,  if  the  Light  were  not 
propagated  from  that  Point  in  all  Direc¬ 
tions. 

That  they  proceed  from  the  Body  in 
Right  Lines,  is  clearly  feen  by  E  xperiments 
on  the  Sun-Beams,  Candle-Light,  &c.  in 

a  darken’d 
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a  darken’d  Room ;  alfo  from  the  Shadows 
which  Bodies  of  every  Figure  caft,  being  ; 
fuch  as  would  be  determined  by  Right 
Lines  drawn  from  the  luminous  Point  >1 
touching  the  Extremities  of  thofe  Bodies 
(CXI.)  M 

(CXI.)  I.  Before  Sir  Ifaac  Newton's  Time,  fcarce  'I 
any  thing  of  the  Nature  or  Properties  of  Light  was  ] 
known.  It  had  been  efteem’tl  a  mere  Quality  or  Mo¬ 
dification  of  Matter,  and  was  propagated  by  Preffion, 
and  I  know  not  what  of  fuch  Kind  of  Stuff  and  fenfelefs 
Jargon;  than  which  nothing  can  be  more  tirefome  to  J 
read,  or  irkfome  to  repeat.  Leaving  therefore  the  idle  ■ 
Reveries  of  the  Cartefians ,  we  {hall  contemplate  this 
glorious  Phsenomenon  in  the  Ntwtonion  Manner,  which 
diffufes  Luftre  over  the  whole  Face  of  Nature,  and  adds 
new  Splendor  even  to  Light  itfelf. 

2.  That  Light  is  a  material  Subftance,  and  what  we 
properly  call  Bodyt  is  not  to  be  doubted  ;  becaufe  we 
find  it  is  fomething  that  has  Motion,  or  is  propagated  in 
Time;  fomething  that  a£ts  upon  Bodies,  and  produces 
great  Alteration  and  Changes  in  their  Natures  and 
Forms.  It  is  fomething  that  Bodies  a£t  upon,  by  re¬ 
flecting,  inflecting,  and  refracting  it  on  their  Surfaces, 
and  in  their  Pores :  And  it  would  appear  to  have 
"Weight,  and  all  other  fenfible  Qualities  of  common 
Matter,  were  it  not  that  the  Smallnefs  of  its  Quantity 
renders  them  entirely  imperceptible  by  us. 

3.  Nor  are  we  to  confider  Light  only  as  a  Body,  but 
as  the  moft  active  Principle  or  moft  general  Agent  in 
Nature.  I  greatly  quefiion  if  it  be  not  the  true  Primum  1 
Mobile  in  Nature,  or  the  Spring  of  Motion  and  Adtiou 
in  all  other  Bodies.  Were  the  Particles  of  Light  to  be 
annihilated,  we  fhould  fee  no  Marks  or  Footfteps  of 
Fire  or  Heat  remaining,  and  therefore  no  Power  of  Mo. 
tion  in  Bodies,  but  all  Things  would  put  on  the  Appear.  1] 
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The  Velocity  of  the  Rays  of  Light  fur- 
palfes  that  of  all  other  Bodies  we  know  of. 


Ance  of  lifelefs  inert  Matter,  rigid  and  inflexible,  as  it 
would  be  abfolutely  cold  and  dark. 

4.  The  Divine  Wifdom  and  Providence  appears  per¬ 
haps  in  nothing  fo  remarkably  as  in  the  extreme  Subtilty 
of  the  Particles  of  Light ;  without  this  Qualification  it 
could  not  have  pervaded  the  Pores  of  Bodies,  and  to  we 
could  have  had  none  of  thofe  which  we  call' diaphanous 
or  tranfparent  Subftances,  and  every  thing  but  the  Sur¬ 
face  of  a  Body  would  have  been  concealed  from  the 
.Sight  of  Mankind.  Again;  the  Velocity  of  a  Body  is 
always  as  the  Quantity  of  Matter  inverfely  ;  and  there¬ 
fore  the  fmaller  the  Body,  the  greater  Velocity  it  is 
fufceptible  of  from  the  fame  Force ;  whence  it  comes  to 
pafs,  that  Light  is  thus  qualified  to  be  tranfmitted  thro’ 
immenfe  Diftance  in  a  fmall  and  infenfible  Part  of  Time ; 
which  Thing  was  quite  neceflary  according  to  the  pre- 
fent  Frame  and  State  of  Nature. 

5.  But  laftly,  it  was  abfolutely  neceflary  that  the  Par¬ 
ticles  of  Light  fhould  be  fo  exceeding  fmall,  that  when 
compounded  with  its  Velocity  it  fhould  produce  no 
feniible  Force,  as  it  muft  otherwife  have  done,  and 
which  therefore  could  not  have  been  born  by  the  tender 
and  delicate  T exture  of  the  feveral  Parts  of  Vegetable 
and  Animal  Bodies.  To  give  an  Example:  The  Ve¬ 
locity  of  a  Particle  of  Light  is  found  to  be  at  the  Rate 
of  897600000  Feet  per  Second  ;  fuppqfe  its  Matter  to 
be  but  one  Millionth  Part  of  a  Grain,  then  its  Force  to 

ftrike  an  Obieft  would  be  as  - =  897,6  Feet 

J  icocooo 


per  Second  for  one  Grain  ;  or  it  would  ftrike  with  the 
fame  Force  that  one  grain  Weight  would  do  falling 
from  half  that  Height,  viz.  through  4+8,8  I‘eet ;  which 
we  fhould  find  to  be  very  great,  were  the  Experiment  to 
be  made  An  the  feniible  Coats  of  the  Eye. 

6.  Since  the  Weight  of  Bodies  is  proportional  to  the 
Quantity  of  Matter,  it  follows,  that  where  the  latter  is 
diminifhed  indennitelv,  the  former  will  be  fo  too;  there- 

By 


271 


272  Of  Light  and  Colours. 

By  obferving  the  Times  of  the  Eclipfes  of 
Jupiter's  Satellites  when  the  Earth  is  near- 


fore  the  Weight  of  Light  muff  be  infenfible  in  ever  fo 
great  a  Quantity  of  it.  Dr.  Boerhaave  caufed  a  Globe 
•  of  Iron  1 2  Inches  in  Diameter  to  be  heated  red-hot,  and 
fufpended  at  the  End  of  a  very  exact  Balance,  and  coun- 
terpoifed  by  Weights  at  the  other  End  very  nicely,  and 
thus  let  it  hang  till  all  the  Particles  of  Heat  or  Light 
were  efcaped,  when  he  found  the  Equilibre  of  the  Ba¬ 
lance  no  ways  alter’d ;  which  plainly  proves  the  above 
Thefis. 

7.  That  the  Particles  of  Light  have  not  only  Mag¬ 
nitude,  but  that  in  different  Degrees  alfo,  is  another  and 
perhaps  the  mod  fubtle  Difcovery  of  the  Newtonian  Phi- 
lofophy.  The  comparative  Terms  of  Greater  and  Leffer 
are  now  as  applicable  to  the  Particles  of  Light,  as  to 
any  other  Bodies.  This  is  abfolutely  proved  by  the  dif¬ 
ferent  Refrangibility  they  are  found  to  have  in  palling 
through  a  Prifmatic  Figure  of  Glafs  or  Water ;  for  the 
Power  of  the  Prifm  detains  the  ifluing  Particle,  and 
draws  it  a  little  towards  the  Surface;  and  fince  this 
Power  is  the  fame,  it  would  have  the  fame  Effect  on  all  *  * 
the  Particles  of  Light,  if  they  were  all  of  an  equal  Mag¬ 
nitude,  becaufe  they  have  all  an  equal  Velocity.  But 
fince  this  Effect  is  different  among  the  Particles,  fome 
being  detained  and  drawn  afide  to  a  greater  Diftance 
than  others,  it  follows,  they  muff  be  lefs  in  Magnitude, 

to  become  more  fubject  to  the  Influence  of  the  attract¬ 
ing  Surface  ;  in  like  manner  as  the  electric  Effluvia  will 
act  upon  and  agitate  very  fmall  and  light  Bodies,  much 
fooner  and  more  eafily  than  they  can  move  thofe  which 
are  larger.  But  of  this  more  when  we  come  to  fpeak  of - 
the  Manner  in  which  this  Power  acts  refracting  the  Rays 
of  Light. 

8.  If  Light  were  not  reflected  from  every  Point  in 
the  Surface  of  a  Body  in  all  Directions  evary  Way, 
there  might  be  aflign’d  a  Point  of  Space  where  a  Ray  of 
Light  from  fuch  a  Point  in  the  Surface  does  not  come; 
and  there  the  faid  Point  of  the  Surface  could  not  be  vi- 
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eft-,  and  again  wheh  it  is  fartheft  diftant 
from  that  Planet,  we  fhall  find,  that  in 
the  former  Cafe  thofe  Eclipfes  happen  too 
,  fiofii  and  in  the  latter  too  late ,  by  the  Space 
‘of  8  Minutes  and  13  Seconds;  which  fhews* 

'  that  in  that  Time  the  Light  paffes  over 
I  the  Semidiatneter  of  the  Earth’s  Orbit, 
which  is  about  §2,000,000  Miles;  which 
is  at  the  rate  of  170,006  Miles  in  a  Second 
of  Time,  and  which  is  therefore  nearly 
680,000  times  greater  than  the  Velocity 
of  Sound.  (CXII.) 


fible,  but  becaufe  the  Eye  can  find  no  Point  of  Space  ir» 
all  the  vifible  Hemifphere  refpe&irig  that  Point,  but 
where  it  is  vifible,  therefore  a  Ray  of  Light  is  refledted 
from  that  Point  to  every  Part  of  Space,  from  whence  a 

Right  Line  to  that  Point  can  be  drawn.  ^  , 

q.  That  the  Rays  of  Light  proceed  in  Right-lined 
Dire&iOns,  is  evident  from  hence,  that  whatever  the 
Figure  of  the  Body  be,  if  it  be  held  perpendicular  to 
the  Rays  of  Light,  it  will  always  caft  a  Shadow  of  the 
fame  Figure  againft  a  parallel  Plane.  Thus  a  Circ.e 
will  produce  a  circular  Shadow,  a  Triangle  a  triangular 
one,  and  fo  on.  Which  plainly  {hews  that  the  Rays 
of  Light  pafs  by  the  Extremities  of  thole  Bodies  m 
Right-lined  Direa'ions,  excepting  thofe  only  which  paL 
contiguous  to  the  Edges  of  the  Body,  for  they  will  be  a 
little  inflefled,  which  will  caufe  the  Extremity  of  the 
Shadow  to  be  not  fo  d.ftindt  and  well  defined  as  it  other- 
wife  would  be;  of  which  we  fhall  take  farther  Notice 

(CXII.)  I.  As  all  the  other  Affe&ion?  of  Light,  fo 
that  of  Velocity,  was  utterly  unknown  to  all  the  ancient, 
and  molt  of  the  modern  Philofophers,  who,  before th« 
Time  of  Mr.  Reaumur ,  were  of  opinion  that  the  Mo- 

Vol.IL  T  Again  : 
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Again:  Since  Light  is  propagated  in 
Right  Lines,  its  Power  or  Intenfity  will 

tion  of  Light  was  inftantaneous,  or  that  it  was  propa¬ 
gated  through  immenfe  Spaces  in  an  Inftant.  But  Mr. 
Reaumur  and  other  Philosophers  about  this  time,  mak¬ 
ing  frequent  obfervations  on  the  Eclipfes  of  Jupiter's 
Moons,  found  that  the  Time  of  thofe  Eclipfes  did  not 
correfpond  to  the  Calculations  founded  upon  the  Aftro- 
nomical  Tables ;  where  the  Times  are  all  calculated 
for  the  Diftance  of  the  Centre  of  the  Sun,  and  confe- 
qaently,  where  the  Eye  of  the  Spectator  muft  be  fup- 
pofed  to  be  in  viewing  the  faid  Eclipfes,  Occultations, 
C35 c.  of  Jupiter's  Moons. 

2.  To  illuftrate  this  Matter;  let  S  be  the  Centre  of 
,  the  Sun,  A  B  the  Orbit  of  Mercury,  C  D  the  Orbit  of 

l onus,  E  F  that  of  the  Earth,  and  G  H  a  Part  of  the 
Orbit  of  Jupiter .  Let  I  be  the  Body  of  Jupiter,  and 
KL  its  Shadow,  OMN  the  Orbit  of  one  of  Jupiter's 
b loons  M  juft  entering  the  Shadow  of  Jupiter.  Now 
a  Spectator  at  S  would  obferve  the  Moon  M  to  enter  the 
Shadow  juft  at  the  Tim'e  which  is  calculated  from  the 
Tables;  but  a  Spe&ator  at  the  Earth  at  T  always  ob- 
ferves  it  to  happen  fooner,  and  when  the  Earth  is  in 
the  oppofire  Part  of  its  Orbit  R,  he  will  always  obferve 
it  to  happen  later,  by  the  Space  of  about  7  Minutes  in 
both  Cafe*.  This  Obfervation  gave  the  firft  Proof  that 
Light  was  progreflive,  and  took  up  about  14  Minutes 
to  pals  over  the  Diameter  of  the  Forth' s  Orbit  from  T 
to  R,  or  7  Minutes  to  pafs  from  the  Sun  S  to  the 
Earth  T. 

3.  But  this,  though  a  fufficient  Difcovery  or  Proof 
of  the  progreffive  Motion  of  Light,  was  yet  but  an  Ex¬ 
periment  in  the  Grols,  and  noc  accurate  enough  to  de¬ 
termine  or  define  the  true  Rate  of  Velocity  which  did 
really  belong  to  Light.  The  Method  by  which  it  has 
been  more  nicely  determined,  was  hit  upon  in  the  fol¬ 
lowing  Manner  :  1  hough  Sir  Ijauc  Newton  had  demon- 
ftrated  the  Motion  of  the  Earth  from  the  Laws  of  Gra¬ 
vity,  yet  as  his  Book,  was  underftqod  by  few,  thofe 

decreafe 
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decreafe  as  the  Squares  of  the  Diftances 
increafe ;  and  therefore  the  Light  and  Heat 

who  could  not  comprehend  his  Method  were  willing 
to  be  fatisfied  of  the  Truth  thereof  otherwife,  and 
rightly  judged,  that  if  the  Earth  did  move  about  the 
Sun,  it  rnuft  necefiarily  caufe  an  apparent  Motion  in 
any  fixed  Objedt  at  a  Diftance  from  it. 

4.  Thus  if  ABC  D  reprefent  the  Orbit  of  the  Earth,  P]ate 

and  A  and  C  the  Place  of  the  Earth  at  two  oppofite  XXXV". 
Times  of  the  Year;  then  a  fixed.Objeft  at  E  will  be  p ig  2. 
feen  from  the  Earth  at  A  in  the  Line  A  E,  which  will 
point  out  its  apparent  Place  at  G  in  the  Concave  Ex- 
panfe  of  the  Sky  HI.  But  at  the  oppofite  Time  of  the 
Year,  it  will  be  feen  from  the  Earth  at  C  in  the  Line 
C  E,  which  will  projedt  its  Place  in  the  Heavens  at  P. 

So  that  while  the  Earth  has  pafs’d  from  A  by  D  to  C, 
the  Objedt  (though  in  reality  fixed)  has  appeared  to 
move  through  the  Space  G  F  ;  and  the  Angle  wh.ch 
meafures  this  apparent  Motion  of  the  Objecl,  viz.  the 
Ancde  A  E  C  is  called  the  ParallaClic  Angle ,  or  Parallax 
of  "the  Annual  Orbit,  becaufe  it  meafures  the  vifible  Ap¬ 
pearance  of  the  Diameter  A  C  of  the  Earth  s  Orbit  at 

the  Objedt  E.  _  , 

5.  This  being  the  Cafe,  it  was  applied  to  the  fixed 
Stars,  which  they  concluded  would  certainly  have  an 
apparent  Motion,  or  Parallax,  provided  an  Inftrument 
could  be  made  l'ufficiently  exaa  to  obferve  it,  and  this 
would  be  a  fatisfaclory  Demonftration  of  the  Earth  s 
Motion.  Accordingly  feveral  Perfons  addrefs  d  them- 
felves  to  difcover  a  Parallax  of  the  fixed  Stars  ;  and  in 
the  Year  1725,  the  late  Hon.  Samuel  Molyneur,  Efq; 
with  an  Inftrument  made  by  the  accurate  Mr  Graham , 
began  to  obferve  the  bright  Star  in  the  Head  of  Draco  as 
it  pafs’d  near  the  Zenith.  Profeffor  Bradley  alfo  ob- 
ferved  it  along  with  him  ;  and  from  many  Obfervations 
made  with  great  Care,  it  appeared  that  the  Star  was 
more  Northerly  39  Seconds  of  a  Degree  m  September 
than  in  March ,  juft  the  contrary  Way  to  what  it  ought 
to  appear  by  the  annual  Parallax  of  the  Stars.  Thai  is, 
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of  the  Sun  at  the  Diftances  of  the  fix  Pla-  r. 
nets,  Mercury ,  Venus ,  Earth,  Mars ,  J 

'  •  ....  .  dM  1 

the  Obfervers,  who  in  Septimber  faw  the  Star  at  F,  did 
in  the  March  following  obferve  it  at  K,  in  the  Right 
Line  A  K  parallel  to  C  F,  and  not  at  G  where  it  ought 
to  have  appeared  by  the  paralladtic  Motion. 

6.  This  unexpected  Phenomenon  perplexed  the  Ob¬ 

fervers  very  much,  and  Mr.  Molyneux  died  before  the  ! 
true  Caufe  of  it  was  difcovered.  After  this.  Dr.  Brad¬ 
ley,  with  another  Jnftrument  more  exaft  and  accurately  1 
adapted  for  this  Purpofe,  obferved  the  fame  Appear¬ 
ances,  not  only  in  that,  but  many  other  Stars;  and  be-  ‘ 
ing  by  giany  Trials  fully  allured  that  the  Phaenomenon  1 
was  not  owing  to  any  Error  in  the  Inftrument  or  Obfer- 
vation,  applied  himfelf  to  confidcr  what  might  be  the 
Caufe  thereof,  and  after  feveral  Reflexions  and  Hypo- 
thefes,  which  he  Pill  found  infufficient  to  account  for  it,  M 
he  at  laft  found,  that  it  was  really  owing  to  the  pro- 
greffive  Motion  of  Light,  and  the  fenfible  Proportion  ! 
which  the  Velocity  thereof  bore  to  the  Velocity  of  the  1 
annual  Motion  of  the  Earth.  .  l! 

7.  This  he  was  fully  allured  was  the  true  Reafon,  ’ 
not  only  becaufe  nothing  elfe  could  be  thought  of  that 
would  account  for  it,  but  becaufe  fuch  an  Appearance  !l, 
muft  neceflarily  refult  from  the  above-mentioned  Hypo-  ! 

Plate  thefis,  as  may  be  thus  fhewn.  Let  AB  reprefent  a 
XXXV.  Part  of  the  Earth’s  annual  Orbit,  and  let  C  be  a  Star 
3-  obferved  by  a  Spectator  at  the  Earth  at  A  ;  when  the 
Earth  arrives  at  B  the  Star  will  not  be  obferved  at  C, 
as  before,  but  at  D  in  the  Line  B  D  parallel  to  A  C  • 
for  let  A  B  be  divided  into  the  equal  Parts  A  a,  a  b,  b  c, 
cdanddB,  then  through  thofe  Points  draw  the  Lines 
a  e,  bj \  eg,  dh,  parallel  to  A  C  and  D  B.  Now  let 
the  Velocity  of  the  Earth  be  to  that  of  Light  as  A  B  to 
C  B.  When  the  Earth  fets  out  from  the  Point  A,  fup- 
pofe  the  Ray  of  Light  commences  its  Motion  from  the 
Star  at  C  in  the  Direction  C  B  perpendicular  to  A  B ; 
then  ’tis  plain  when  the  Earth  is  arrived  at  a,  the  Particle  ‘ 
of  Light  will  be  got  to  /,  the  Point  where  a  e  cuts  B  C 
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ter  and  Saturn ,  will  be  nearly  as  700,  200, 

100,  43,  3,  1,  fuppofing  their  Diftances 
as  the  Numbers  4,  7,  10,  15,  52,  95. 

and  the  Star  will  be  feen  in  the  Direction  a  /,  and  ap¬ 
pear  at  e.  In  like  manner,  when  the  Earth  is  at  b,  the 
Particle  of  Light  will  be  come  to  k ,  and  will  appear  at 
f,  and  fo  on  ;  when  the  Earth  is  at  c ,  i,  B,  the  Par¬ 
ticle  will  be  at  /,  m,  and  B,  and  the  Star  will  appear 
at^,  h ,  and  D. 

8.  If  therefore  the  Line  C  A  reprefents  the  Axis  of 
a  Telefcope,  making  the  Angle  B  A  C  with  the  Di¬ 
rection  of  the  Earth’s  Motion  A  B ;  when  he  comes 
to  B  he  will  fee  the  Star  at  D,  which  he  could  not  do 
if  the  Telefcope  was  directed  in  the  perpendicular  Line 
B  C ;  but  the  Difference  of  the  Pofitions  of  the  Lines 
D  B  and  B  C,  or  the  Angle  D  B  C,  is  fo  very  fmall, 
as  to  amount  to  no  more  than  20"  15^',  which  gives 
the  Proportion  of  the  Sides  B  C  to  C  D  or  A  B,  as 
1021  o  to  I  ;  which  (hews  that  the  Velocity  of  Light  is 
ten  Thou  fan  A  two  Hundred  and  ten  Limes  greater  than 
the  Velocity  of  the  Earth  in  her  Orbit. 

9.  But  the  Velocity  of  the  Earth  is  known,  which 
is  about  500,000,000  Miles  in  365  Days,  or  about 
56,000  Miles  per  Hour,  whence  the  Velocity  of  Light 
will  be  found  to  be  fuch  as  carries  it  through  the  Space 
of  170,000  Miles,  or  897,600,000  Feet  in  one  Se¬ 
cond  ;  and  therefore  it  will  pafs  from  the  Sun  to  us  in  8' 
and  13". 

10.  If  a  Cannon  will  throw  a  Ball  1  Mile  perpen¬ 
dicular  Height,  or  5280  Feet,  the  Velocity  with  which 
it  goes  from  the  Mouth  of  the  Cannon  is  the  uniform 
Velocity  of  10,560  Feet  per  1 8  'f  (which  is  the  Time 
of  the  perpendicular  Afcent  or  Defcent,)  and  therefore 
the  Velocity  of  the  Cannon-Ball  is  578  Feet  per  Se¬ 
cond,  Whence  the  Velocity  of  Light  is  to  that  of  the 
Cannon-Ball,  as  897,600,000  to  578,  or  as  1,550,000 
to  r  nearly. 

11.  The  Doflor  found  that  the  Parallax  of  the  fixed 
Stars,  inftead  of  amounting  t6  many  Seconds,  as  many 
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From  the  ftupendous  Velocity  of  lumi¬ 
nous  Particles  arife  their  prodigious  Effects  : ; 
in  regard  of  Heat,  Flame ,  Burning ,  Melt-  i: 
ing,  &c.  Thus  when  they  are  confide-  : 
rably  denfe,  they  a£t  very  forcibly  on  the  : 
Parts  of  an  animal  Body,  and  raife  the 
Senfation  of  Heat ,  by  the  great  inteftine  : 
Motion  which  they  produce  in  every  Part.  I 
Hence  all  other  Bodies  are  hotter  or  colder ,  :: 
as  they  contain  a  greater  and  lefier  Quan¬ 
tity  of  ignitious  Particles,  and  fo  have  a 
greater  or  lefier  Degree  of  inteffine  Mo-  > 
tion  of  the  Parts. 

it 

have  deduced  from  their  Obfervations,  does  not  make 
one  Second  ;  and  from  thence  it  follows  that  the  above- 
mentioned  Star  in  Draco ,  is  above  400,000  Times  far¬ 
ther  from  us  than  the  Sun  ;  and  confequently,  that  the 
Light  takes  up  above  493" X 400,000=  197,100,000' 
Seconds,  (which  is  more  than  fix  Years,)  in  coming 
from  that  Star  to  us.  In  the  mean  Time  we  may  re¬ 
flect  how  different  are  the  Places  of  the  Sun,  Moon,  : 
and  Planets  in  the  Heavens  from  thofe  in  which  they 
appear.  Thus,  fetting  afide  the  Refraddion  of  the  At* 
mofphere,  when  the  Centre  of  the  Sun  is  really  afeend- 
ing  in  the  Horizon,  it  will  be  8/  1  g'  after,  that  we 
obferve  it  there;  in  which  Time  the  Sun  will  be  far 
advanced  in  the  Heavens. 

12.  The  Motion  of  the  Farth  is  by  this  Method  ab- 
folutely  demonftrated,  and  therefore  put  beyond  all 
Doubt  and  Objection ;  they  who  deny  it  now  muft  confefs 
themfelves  wholly  ignorant  of  one  of  the  fineft  and  mod 
important  Difcoveries  that  was  ever  made  in  jfjlrcnomy, 
and  which  was  finifhed  in  the  year  1728  ;  concerning 
which,  fee  Dr.  Bradley  s  own  Account  in  Phil.  Tranf 
N°  406,  which  we  fhall  farther  explain  in  a  future  Part 
of  this  Work. 
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If  thefe  lucific  Particles  are  fufficiently 
imbibed  or  generated  in  any  opake  Body, 
they  caufe  it  to  fhine,  or-  glow,  or  be¬ 
come  red-hot;  and  by  their  prodigious. 
Activity  will  in  Time  di (unite,  diliolve, 
and  deftroy  its  natural  Texture,  and  thus 
change  its  Form,  and  reduce  it  to  anothei 
Species  of  Matter ;  even  the  Ajbefios  not 
excepted.  (CX1II.) 


(CXIII.)  i.  That  Heat ,  Fire,  Flame,  &c.  are  only 
the  different  Effefte  and  Modifications  of  the  Partic  es 
of  Light,  is,  I  think,  very  evident  ;  and  the  Particles 
of  Lbht  themfelves  depend  entirely  on  Velocity  tor  their 
lucific  Quality-,  fince  by  many  Experiments  we  know 
that  the  Particles  of  Bodies  become  lucid,  or  Particles 
of  Light,  by  only  producing  ?n  them  a  requifite  degree 
of  Velocity ;  thus  the  Particles  in  a  Rod  of  Iron,  be¬ 
ing  hammered  very  nimbly,  Ihine  and  become  red-hot ; 
th5s  alfo  the  violent  Stroke  of  the  Flint  againft  the 
Steel,  in  ftriking  Fire,  puts  the  Particles  ot  the  Steel 
which  it  takes  off  into  fuch  a  Motion  as  caufes  them 
to  melt,  and  become  red-hot,  which  makes  the  Sparks 
of  fire  produced  by  each  Stroke.  I  he  lame  hmg 
vou  may  obferve  in  many  other  Cafes. 

2,  As  Fire  confifts  in  the  great  Velocity  of  the  Par¬ 
ticles,  fo  it  may  be  communicated  from  one  Body  m 
which  it  is  to  another  in  which  it  is  not,  after  the  .ame 
Manner  that  one  Body  in  Motion  will  communicate 
Motion  to  another  Body  that  has  none,  hire  diffeis 
from  Heat  only  in  this,  that  Heat  is  a  Motion  >»  the 
Particles  of  a  Body  with  a  leffer  Degree  of  Velocity  ; 
and  Fire  a  Motion  with  a  greater  Degree  ot  Velocity, 
viz.  fuch  as  is  fufficient  to  make  the  Particles  Ihine, 
though  we  often  call  fuch  a  Degree  of  Heat  as  will 
burnt  Fire,  though  it  does  not  aftually  flame ;  and  we 
feldom  call  thofe  lucid  Bodies  hires  which  only  Ihine 
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I  f  the  ignific  Particles  of  Light  are  fuf- 
ficiently  condenfed,  as  the  Rays  of  the  Sui> 

and  do  not  burn.  Thefe  are  a  Sort  of  Pkofphori,  whicfy 
though  they  have  no  Heat,  yet  feem  to  owe  their  Lu¬ 
cidity  to  the  Motion  of  the  Parts. 

3.  This  I  think  will  appear  for  the  following  Rear 
fons;  (1.)  We  obferve  feveral  of  thofe  Pkofphori  are 
owing  to  Putrefa&ion,  as  rotten  Wood,  very  ftale 
Meat,  efpecially  Veal,  Tome  Sort  of  Fifh  long  kept, 
as  Oyflers ,  Lobjlers ,  Flounders ,  Whitings,  Sic.  which 
Putrefaction  is  the  EffeCt  of  a  flow  and  gentle  Fermen¬ 
tation,  and  that  confifts  in  the  Inteftine  Motion  of  the 
Parts  as  we  have  formerly  fhewn.  (2.)  Moft  of  thofe 
Pkofphori  have  their  Light  fo  very  weak  as  to  Ihine  only 
in  the  Dark,  which  feems  to  indicate  a  lefler  Degree  of 
Velocity  in  the  Parts  than  what  is  neceflary  to  produce 
Heat;  for  fuch  a  Degree  of  Velocity  will  caufe  Bodies 
to  Ihine  in  open  Day-Light.  (3.)  Some  of  thofe  Noc- 
tiluca ,  orBodies  which  Ihine  in  the  Dark,  are  the  Parts 
of  animated  Bodies,  as  in  the  Glow-Worm,  afmallSort 
pf  Centipede ,  &c.  but  all  the  Parts  of  an  Animal  are 
undoubtedly  in  Motion.  (4.)  Other  Phofpbori  put  on 
the  Appearance  of  Flame,  as  the  Ignus  Fatuus ,  the 
Writing  of  common  Phofphorus  made  from  Urine, 
Flafhes  of  Lightning,  &c.  but  all  Flame  is  nothing 
but  a  kindled  Vapour,  whofe  Parts  are  all  in  Motion, 
but  may  be  too  weak  to  caufe  Burning.  (5.)  Several 
pf  thofe  innocent  lambent  Flames  may  have  their  Mat¬ 
ter  fo  agitated,  or  the  Velocity  of  their  Motion  fo  in- 
creafed,  as  to  produce  Heat  and  burn  ;  thus  the  Writing 
of  Phofphorus  on  blue  Paper,  fufficiently  rubbed,  will 
immediately  kindle  into  an  ardent  Flame,  and  burn  the 
Paper.  (t>.)  Thofe  Phojphori  feem  to  have  the  eflential 
Nature  of  Fire,  becaufe  they  are  fo  eafily  fufceptible  of 
a  burning  Quality  from  Fire;  thus  common  Phofphorus 
js  immediately  kindled  into  a  moft  ardent  and  inextin- 
guifhable Flame  by  common  Fire.  (7.)  In  ftroking  the 
Back  of  a  black  Horfe,  or  Cat,  in  the  Dark,  we  pro¬ 
duce  innumerous  Scintilla,  or  lucid  Sparks ;  in  the  fame 
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by  a  Le?is  or  Burning-Glafs ,  they  become 
(ir dent,  and  burn  with  an  Intenfity  propor- 

Manner.as  rubbing  a  black  Piece  of  Cloth,  which  has 
hung  in  the  Sun  to  dry,  will  caufe  it  to  throw  out  the 
Particles  of  Light  which  it  had  imbibed  from  the  Sun  ; 
whereas  a  white  Piece  of  Cloth,  which  reflects  mod  of 
the  Sun’s  Rays,  emits  no  fuch  lucid  Sparks  in  the  Dark. 
Many  other  Reafpns  might  be  urged  to  (hew  that  Light 
of  every  Kipd  is  owing  to  one  and  the  fame  Caufe  in 
a  greater  or  leffer  Degree,  viz.  to  the  Velocity  of  the 
Parts  of  the  lucid  Body. 

4.  It  has  been  juftly  obferved  by  fome  of  our  mo¬ 
dern  Philofophers,  that  adual  or  abjolute  Heat  is  to  fen¬ 
fible  or  relative  Heat  the  fame  as  Motion  is ;  tp  Velocity  y 
for  ahfolute  Heat  is  nothing  but  the  whole  Motion  of  all 
the  Parts  of  the  ignited  Body,  and  fenfible  or  relative 
Heat  refne&s  only  the  comparative  V docity  of  the  Parts. 
Thus  equal  Bulks  of  Mercury  and  Water  fet  in  a  Sand- 
Heat,  where  the  Heat  of  the  Fire  may  be  uniformly 
communicated  to  both,  will  acquire  in  equal  times  equal 
Decrees  of  abfolute  Heat,  but  the  relative  Heat  of  the 
Water,  or  that  which  is  fenfible  to  the  Finger,  will  be 
near  14  times  as  great  as  that  of  the  Mercury;  becaufe 
the  Water  having  14  times  a  lefs  Quantity  of  Matter, 
will  admit  of  Velocity  fo  much  in  Proportion  greater. 

c  Again,  if  Mercury  and  Water  have  the  lame  re¬ 
lative  or  fenfible  Heat,  that  is,  if  both  are  heated  in 
fuch  a  Manner  as  to  caufe  an  equal  Afcent  in  the 
Thermometer  ;  then  a  Quantity  of  Mercury  will  heat 
14  Times  as  much  Water  as  the  fame  Quantity  o. 
Water  will  do;  or  it  will  make  the  fame  Quantity  of 
Cold  Water  14  times  hotter  than  the  fame  Quantity  of 
hot  Water  can.  All  which  is  eafy  to  be  (hewn  by  Ex¬ 
periment,  and  abundantly  proves  the  1  ruth  of  the  fore¬ 
going  Theory,  viz.  That  Heat  and  Fire  are  woolly  ow¬ 
ing  to  the  Velocity  oj  the  Parts  of  the  heated  or  ardent 

6.  The  various  phenomena  of  Hent  and  Cold,  fjf’e 

Punting,  &C.  are  rationally  accounted  for  on  this  The* 
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tional  to  the  Denfity  of  the  Rays  in  the 
Focus,  or  Burning-Point  of  theGlafs;  which 


ory.  For  firft,  we  are  to  confider  that  Cold  and  Heat 
are  only  comparative  Terms,  or  that  the  fame  Thing 
may  be  either  hot  or  cold  according  to  the  relative  Idea, 
or  Standard  Degree ;  thus  Ice  or  Snow  is  faid  to  be 
cold  with  refpe<£l  to  the  Finger,  but  Ice  or  Snow  is 
warm  if  compared  with  a  freezing  Mixture.  So  that 
if  (as  we  commonly  do)  we  make  the  Hand  or  any 
Part  of  the  Body  the  Standard  of  Heat  or  Cold,  or  the 
Term  of  Comparifon  ;  then  ’tis  evident,  (i.)  If  the 
Parts  of  any  Body  applied  to  the  Hand  have  the  fame 
Velocity  as  the  Parts  of  the  Hand,  fuch  a  Body  we 
naturally  pronounce  is  neither  hot  nor  cold.  (2.)  If 
the  Particles  of  the  Body  have  a  greater  Velocity  than 
thofe  of  the  Hand,  we  pronounce  it  warm ,  if  the  Ex- 
cefs  be  fmall ;  but  hot,  if  it  be  great.  (3.)  If  the  Ve¬ 
locity  of  the  Parts  of  the  Body  applied  be  lefs  than  that 
in  the  Hand,  the  Senfation  then  is  what  we  call  Cold , 
which  alfo  may  be  in  various  Degrees.  (4.)  Hence  it 
is  plain  there  can  be  no  fuch  Thing  as  abfolute  Cold , 
but  where  the  Particles  of  Matter  are  abfolutely  qui¬ 
escent  or  at  reft.  (5.)  Hence  alfo  there  can  be  no  fuch 
Thing  as  abfolute  Heat,  becaufe  no  Degree  of  Velo¬ 
city  can  be  affign’d,  but  a  greater  is  affignable,  till  we 
come  to  Infinity,  where  we  are  quite  loft,  as  having  no 
Idea  of  Infinite  Velocity  or  Heat. 

7.  From  this  Theory  of  Heat  and  Cold,  we  may 
conclude  that  there  is  no  Body  in  Nature  whofe  Parts 
are  not  in  Motion  in  fome  Degree,  fince  we  have  yet 
been  able  to  difcover  no  ultimate  Degree  or  Limit  of 
Cold ;  and  if  any  fuch  T  hing  were  to  be  found  in  Na¬ 
ture,  I  believe  it  would  be  as  importable  to  bear  or  en¬ 
dure  the  Teft  as  any  extreme  degree  of  Heat ;  both  Heat 
and  Cold  naturally  tending  to  deftroy  the  animated  Part, 
or  Teft,  in  the  extreme  Degrees;  Cold,  by  deftroyihg 
the  vital  Motion,  and  fixing  the  Part  rigid  and  inflex¬ 
ible  ;  but  Heat,  by  putting  the  Parts  in  too  great  an 
Agitation,  cauling  a  greater  Velocity  in  the  Fluids  and 
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Denfity  of  Rays  in  the  Focus  is  always  as 
the  Area  of  the  Burning-Gldfs  dire  Elly,  and 

Diffipation,  and  a  Force  of  Tenfion  in  the  Solids  be¬ 
yond  what  the  natural  State  of  the  Body  can  bear; 
and  therefore  it  will  inevitably  deftroy  it. 

8.  Whatever  be  the  a£fing  Principle  hr  Freezing  or 
Congelation,  ’tis  certain,  the  Modus  Agendi ,  or  Manner 
of  Operation,  mud  be  to  diminiflr  the  Velocity  of  the 
Parts  of  the  congealable  Subftance  to  a  proper  Degree, 
bv  which  means  the  Fluidity  will  be  loft,  and  theParts 
become  rigid  and  fixed.  Thus  if  the  Intel! me  Motion 
of  the  aqueous  Particles  be  abated  by  the  Admixture 
of  any  extraneous  Body,  the  Parts  will  be  no  longer 
fluid,  but  remain  to  Appearance  fixed  in  a  Congelation, 
and  become  a  Body  of  Ice.  Whatever  this  I  nnciple 
of  freezing  be,  it  is  certainly  of  a  f aline  Future,  be- 
caufe  it  is  well  known  Salt  will  greatly  increafe  the 
Coldnefs  of  Water,  Ice,  or  Snow;  mb  freezing  Mix¬ 
tures  are  always  made  therewith,  by  equal  Quantities 

q.  On  the  other  Hand,  fixed  Bodies  are.  rendered 
fluid  by  Heat,  only  by  increafing  the  Velocity  of  the 
Parts;  thus  Ice  becomes  Water,  thus  Metals  are  put 
into  Fufion,  and  a  greater  Degree  of  Heat  gives  a  itill 
greater  Degree  of  Velocity  to  the  Parts,  and  throws 
them  off  in  the  Form  of  a  Steam  or  Vapour.  This 
Steam  or  Vapour,  if  it  confifts  of  fuch  Particles  as  will 
admit  of  a  proper  Increafe  of  Velocity,  will  conceive 
it  very  readily,  and  kindle  into  a  Flame,  at  the  Ap¬ 
proach  of  a  Body  whofe  Parts  are  thus  in  Motion; 

that  is,  of  Fire  or  Flame. 

io  There  leems  to  be  no  other  Difference  between 
Fire  and  Flame  than  this,  that  tire  confifts  in  a  glow- 
in*  Degree  of  Velocity  in  the  Parts  of  a  Body  wmle 
yeDt  fubfifting  together  in  the  Mafs ;  but  Ftame  is  the 
fame  Degree  of  Velocity  in  the  x  articles  diffipated  and 
flyino-  off  in  Vapour;  or  to  ufe  Sir  Ifunc  Newton  s  Lx- 
prcflfon,  Flame  is  nothing  elfe  hut  a  red-hot  fapour. 
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the  Square  oj  the  Focal  Dijlance  inverfely. 
Thus  fuppofe  the  Surface  or  Area  of  ; 
one  Glafs  contained  12  fquare  Inches,  and 
its  focal  Diftance  were  8  Inches  3  and  the  : 
Area  of  another  Glafs  were  9  fquare  Inches,  • 
and  its  focal  Diftance  4  Inches;  then  the  1 
Effects  or  Intenfity  of  Burning  would  be  as  ' 
to  4  or  as  12  x  16  to  9  x  64,  viz  a*  | 
197  to  576.  (CXIV.) 


----  v»  ,  .  ?r  rire  UUI,mig  cormits  in  this, 
that  the  Velocity  of  the  Particles  of  Fire  fo  far  increafes 
the  Velocity  of  the  Parts  of  the  Body  to  which  it  is 
applied,  as  to  caufe  a  Separation  beyond  the  Sphere  of 
corpufcular  Attradion,  by  which  means  the  Body  will 
be  diflolved,  and  the  Particles  which  are  volatile  will 
the  Form  of  Steam,  Smoale,  Fume, 
whi  e  that  which  remains  appears  in  the  Form  of 
Loa.,  Calx ,  AJhts ,  Caput  Mortuum^  &c. 

1 2‘  1  hePartsn  of  fome  Bodies  are  extremely  vola- 
tile,  and  will  mod  of  them  be  diffipated  by  the  Atfion 
at  Fire;  but  others  again  are  to  be  found  whofe  Parts 
are  of  fuch  a  Mature,  or  fo  fixed,  as  not  to  yield  to 
the  Force  of  Fire  or  the  Velocity  communicated  to 
them  will  not  be  able  to  diiTolve  the  corpufcular  Attrac¬ 
tion  ;  but  when  this  glowing  Velocity  of  the  Parts  is 
abated,  or,  m  other  Words,  when  the  Fire  in  the 
Body  is  extina,  the  Parts  (and  of  courfe  the  whole 
Eoay)  appear  unalter’d.  Of  which  Sort  of  Subftance 
we  have  a  noble  Inftance  in  that  Fofiil  call’d  the  Albel - 
les  or  Amianthus  Stone.  This  Stone  is  found  in  divers 
Parts  of  the  World  ;  particularly  in  Wales  a  great  deal 
may  be^  feen  adhering  to,  and  growing  up  with  the 
otone  Oi  many  of  their  Quarries. 

(CXIV.)  I.  In  order  to  account  for  the  Nature  of 
Burning-Glasses,  whether  Mirrours  or  Lenfes,  we 
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When  Rays  of  Light  fall  on  the  Sur¬ 
face  of  an  opake  Body,  part  thereof  are 

muft  confider  the  Area  of  their  Surfaces,  and  the  focal 
Diftance  ;  becaufe  both  thefe  Quantities  enter  into  the  p]afe 
Expreffion  of  their  Power  of  Burning.  Let  A  B,  and  XXXV. 
I  K,  be  two  Mirrours  expofed  direCtly  to  the  Rays  of  ,  - 
the  Sun  CD,  EF,  andLM,  NO;  then  will  all  the 
Rays,  falling  on  the  Surface  of  thefe  Mirrours,  be  re¬ 
flected  to  the  Focus  of  the  GlafTes,  where  they  will  be 
concentered,  not  in  a  Point  of  Space,  but  into  a  fmall 
round  circular  Area  G  H,  and  P  CL 

2.  Now  this  circular  Spot  is  the  Image  of  the  Sun 
inverted,  in  both  GlafTes ;  and  the  Angle  under  which 
the  Image  of  an  ObjeCt  appears  from  the  Centre  of  the 
Glafs  R  and  S,  is  equal  to  the  Angle  under  which  the 
ObjeCt  appears ;  all  which  will  be  fhewn  hereafter. 
Therefore  the  Angle  GRH  ~  PS  Q_,  and  confe- 
quently  the  Cones  GRH  and  P  S  Q^are  fimilar,  and 
the  Areas  of  their  Bafe  G  H  and  P  Q_will  be  as  the 
Squares  of  their  Heights  R  H  and  S  Q^,  that  is,  as  the 
Squares  of  their  focal  Diftances  direCtly* 

3.  Let  A  =  Area  or  Surface  of  the  large  Glafs,  a  — 
that  of  the  lefler,  F  and  f  the  focal  Diftances,  and  P 
and  p  the  Power  of  Burning  in  each.  ‘  Then,  fince 
while  the  focal  Diftance  remains,  the.  Power  of  Burn¬ 
ing  (P)  will  be  as  the  Denfity  of  the  Rays  in  the  folar 
Spot  HG,  and  this  Denfity  of  the  Rays  will  be  as  the 
Number  of  Rays  reflected  thither  by  the  Glafs,  which 
Number  of  Rays  will  be  as  the  Surface  of  the  Mirrour 
(A) ;  therefore  P  will  be  as  A  direCtly  in  a  Mirrour  of 
the  fame  Concavity,  that  is,  P  :  p  ::  A  :  a. 

4.  Again,  if  the  Area  of  each  Glafs  be  the  fame, 
the  fame  Quantity  of  Rays  will  be  collected,  and  con¬ 
verged  to  the  Focus’s  G  H  and  P  Q_,  and  confequently 
the  Denfity  of  thofe  Rays  will  be  greater,  the  lefs  the 
Spot  is  in  which  they  are  contain’d ;  confequently  the 
Power  of  Burning  (P)  in  this  Cafe.  is.  inverfely  as  the 

’  J  reflected 
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relieved  to  the  Eye,  which  render  it  vifible ; 
the  other  Part  is  tranfmitted,  and  variouily 


Area  of  the  folar  Spot,  or  the  focal  Diftance,  that  is,  ,i 

P  will  be  as  ;  or  P  :  p  ::  —  :  —•  ::  f 1  :  F  z. 

F  F1  fz 

5.  Confequently  when  neither  the  Area  of  the  Glafs  ;] 

nor  focal  Diftance  is  given,  we  have  the  Power  of  1 
Burning  compounded  of  the  dlre£t  ratio  of  the  Area  I 
and  inverfe  Ratio  of  the  Square  of  the  focal  Diftance  of  1 
the  Glafs  ;  or  we  have  P  ;  p  ::  A  f 1  :  a  Fa ;  which  is  I 
the  Rule  above  laid  down.  :i| 

6.  It  has  been  fhewn  ( Annot.  XCIII.)  that  the  Heat  » 

of  Wood  Fire  is  about  35  times  greater  than  that  of 
the  Summer-Sun  (becaufe  it  raifes  the  Fluid  in  the 
Thermometer  35  times  higher  nearly)  ;  therefore  that  It 
a  Glafs  may  be  able  to  condenfe  the  Rays  lufficiently 
to  burn,  or  to  have  the  Heat  of  common  Fire,  the  Sun’s 
Image,  or  folar  Spot  in  the  Focus,  ought  to  be  at  moft  c 
but  j  5  Part  of  the  Area  of  the  Glafs  ;  and  as  much  as  it  ill 
is  Jefs  than  a  Part  of  the  Glafs,  fo  much  the  ftronger  i 

will  it  burn.  In  this  Cafe,  if  it  be  defrred  to  know  in  1 
what  Part  of  the  Pencil  of  Rays  the  Denfity  is  35  times 
greater  than  the  common  Denfity,  and  where  the  Power 
of  Burning  is  equal  to  that  of  common  Fire,  it  is 
found  as  in  the  following  Example.  Admit  a  Glafs 
be  9  Inches  in  Diameter,  and  let  the  Diameter  of  the 
required  Circle  be  (a)  ;  then  fince  circular  Areas  are  as 
the  Squares  of  their  Diameters,  we  have  35  :  1  ::  9*  \  a?  \ 


confequently  —  =  a'-,  and  fo  dzz  y'  —  —  1,5  nearly; 

35  35 

whence  that  Part  of  the  Cone  or  Pencil  of  Rays,  whofe 
Diameter  is  Inches,  has  the  Denfity  and  Power  of 
Burning  required ;  and  that  this  is  Fa£t,  and  that  the 
Denfity  of  the  Rays  but  a  little  lefs  than  that  will  not 
burn,  I  know  from  repeated  Trials  with  fuch  a  Glafs, 
or  concave  Mirrour. 

7.  Of  Bnrmng-Glaffes  we  have  fome  extraordinary 
Inftances  and  furprizing  Accounts  pf  their  prodigious 

6  reflected 
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refle&ed  through  the  Pores  of  the  Body, 
till  it  becomes  totally  fuffocated  and  loft 

Effefts.  Thofe  made  of  refle&ing  Mirrours  are  more 
powerful  than  thofe  made  with  Lenfes,  ( cater  is  paribus) 
becaufe  the  Rays  from  a  Mirrour  are  reflected  all  to 
one  Point  nearly,  whereas  by  a  Lens  they  are  refra&ed  to 
different  Points,  and  are  therefore  not  fo  denfe  or  ar¬ 
dent.  Alfo  the  whiter  the  Metal  or  Subftance  is,  of 
which  the  Mirrour  is  made,  the  ftronger  will  be  the 
Effiedt ;  and  it  is  obfervable,  that  the  great  Mr.  Boyle 
having  made  a  very  large  Mirrour  of  black  Marble,  it 
would  not  fo  much  as  fet  Wood  on  Fire,  though  ex- 
pofed  a  long  Time  in  the  Focus,  fo  fmall  a  Quantity 
of  Rays  are  reflected  from  black  Surfaces,  the  Reafon 
of  which  we  Ihall  hereafter  explain. 

8.  Among  a  great  Number  of  Mirrours  made  for 
burning,  melting ,  calcining ,  and  vitrifying  Bodies,  that 
of  Mr.  Vdlette  is  worth  our  Notice  ;  it  was  3  Feet  n 
Inches  in  Diameter,  and  its  focal  Diftance  was  3  Feet 
^  Inches.  The  following  Experiments  were  made  with 
it  by  Dr.  Harris  and  Dr.  Defaguliers, 

1.  A  red  Piece  of  Roman  Patera  began  to  melt  in  3/r» 
and  was  ready  to  drop  in  too". 

2.  Another  black  Piece  melted  at  4",  and  was  ready 
to  drop  at  (a\' . 

3.  Chalk  taken  out  of  an  Echinus  Spartagus ,  fled 
away  in  3 

4.  A  foflile  Shell  calcin’d  in  7". 

5.  A  Piece  of  Pcmpey  s  Pillar  at  Alexandria  vitrified 
in  the  black  Part  in  50",  arid  in  the  white  Part 
in  54". 

6.  Copper-Ore  vitrified  in  8//. 

7.  Slag,  or  Cinder  of  ancient  Iron- Work,  ready  to 
run  in  zgk". 

8.  Iron-Ore  fled  at  firff,  but  melted  in  24  . 

9.  Talc  began  to  calcine  at  40^,  and  held  in  the  For 
cus  by" . 

xo.  Calculus  humanus  was  calcined  in  2.",  and  only 
dropped  off  in  60". 

H.  A  great  Fifh’s  Tooth  melted  in  32P. 

therein ; 
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therein ;  and  fince  none  of  thofe  Rays  J 
come  from  the  interior  Parts  to  the  Eye,  i 

12.  The  Afbcjlos  feem’d  a  little  condenfed  in  28'',  and 
Mr.  Villette  fays,  the  Glafs  ufually  calcines  it. 

13.  Marcafite  of  Gold  broke  to  Pieces  and  began  td  j 

rrielt  in  about  30".  I 

14.  A  Silver  Six-pence  melted  in  7 \f1.  II 

1 5.  A  Copper  Half-  penny  (of  King  TVUliani s)  melted  tl 

in  20'',  and  ran  with  a  Hole  in  3c/'.  [I 

16.  A  King  George' s,  ditto ,  melted  in  16",  and  ran 

in  34".  "  •  '•  i  j 

17 Tin  melted  in  3". 

18.  Call  Iron  melted  in  16''. 

19.  Slate  melted  in  3",  and  had  a  Hole  in  6". 

20.  T  hin  'I  ile  melted  in  4'',  h»d  a  Hole  and  was  1 

vitrified  in  8 o//.  1 

21.  Bone  calcined  in  4",  and  was  vitrified  in  33". 

22.  A  Diamond  weighing  4  Grains  loft  1  of  its 

Weight.  j 

9.  The  Power  of  Burning,  in  Villette' S  Mirrour,  may 
be  computed,  and  compared  with  the  Heat  of  Wood- 
Fire,  as  follows  :  Since  the  focal  Diftance  R  X  is  38 
Inches,  and  the  Angle  under  which  the  Sun’s  Image  in 
the  Focus  appears  at  R,  is  equal  always  to  32'  of  a 
Degree  ;  therefore  if  we  fay, 

As  Radius  —  —  • —  90° 00':=  io,cooooo 

theAngle  Sent  °^  |  HRX  =  00°  1 6'  =  ;,667849 

So  is  the  focal  Diftance  RX  =  38'  =  1,585461 

To  the  Semidiameter  7  rTV  , 

of  the  folar  Spot  j  HX  =  0,179=  9^533^ 
Whence  2HX  =0,358  of  an  Inch,  the  Diameter  of 
the  folar  Focus ;  but  the  Diameter  of  the  Mirrour  was 
47  Inches  ;  now  47  X  47  2209,  and  0,358  X  ,358 

=  0,128,  fcrV.  wherefore  2209  is  to  0,1 28,  as  the  Den- 
fiy  of  the  Rays  in  the  Focus  to  their  common  Denfity  j 
but  70, 128)2209(=  17257  ;  which  Ihews  that  the  Mir¬ 
rour  condenfed  the  Rays  Seventeen  Thoufand  Two  Hun¬ 
dred  and  Fifty -/even  times. 

1  ! 

,  •  4  we 
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We  can  fee  nothing  of  the  internal  Sub- 
ftance  of  fuch  a  Body,  which  therefore  is 
faid  to  be  opake. 


10.  Since  Rays  but  35  times  denfer  than  in  their  na¬ 
tural  State  with  us,  have  a  Power  of  Burning  equal  to 
Wood-Fire,  if  we  divide  17297  by  35’  tb-e  Quotient 
will  be  493  ;  therefore  fuch  a  Mirrour  will  burn  with 
an  Intensity  of  Heat  493  times  greater  than  common 
Fire.  No  wonder  then  that  Bodies  which  remain  un¬ 
alter’d  by  the  Force  of  our  greateft  common  Fires  (as 
that  of  a  Glafs  Houfe,  where  Gold  has  been  found  to 
lie  feveral  Days  in  Fufion,  without  any  fenfible  Lofs  of 
Weight)  fhould  immediately  become  fufed,  fume  away 
in  part,  part  be  difiipated  and  driven  away  in  large  Par¬ 
ticles,  and  part  remain  in  the  Form  of  a  Caput  Mor- 
tuum ;  all  which  Phenomena  have  been  obierved  of 
Gold  in  the  Focus  of  a  large  Burning-Glafs._  And 
how  rudely  fuch  a  Glafs  would  treat  the  Principles  of 
the  Cbym'jts ,  and  what  Confufion  it  would  induce  in 
their  Arithmetic  of  Elements,  they  will  be  better  cer¬ 
tified  of,  when  they  fhall  attempt  to  analyfe  Nature, 
and  reduce  Subfiances  to  their  original  Principles,  by 
more  aftive  and  effe&ual  Means  than  Laboratories  at 
prefent  afford. 

11.  Notwithftanding  the  prodigious  Denfity  of  the 

Rays  in  the  Focus  of  thofe  large  Burning  Glafies,  yet 
it  has  been  always  obferved,  that  the  Rays  reflefted  to 
us  by  the  Moon  when  at  Full,  and  concentered  in  the 
Focus  of  thofe  Glafies,  produce  no  Heat  that  is  fenfible 
in  the  leaft  Degree,  as  is  demonftrated  by  holding  a 
Thermometer  in  the  Focus  of  lunar  Rays,  which  al¬ 
ways  remains  without  the  leaft  appearance  of  Motion. 
The  Reafon  of  this  will  appear  by  the  following  Cal¬ 
culation.  A  „  „ 

12  Let  A  BD  be  the  Earth,  C  its  Centre,  MO 
the  Moort,  N  the  Centre,  N  e  the  Semidiameter  of  the 
Moon,  which  is  equal  to  1087,5  Evglijh  Miles;  the 
Semidiameter  of  the  Earth  D  C  4C00  Miles;  the 
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But  when  Rays  of  Light  fall  on  tr ap¬ 
parent  Bodies ,  part  is  reflected  at  the  firfl 


Diftances  of  the  Centres  of  the  Earth  and  Moon  N  C 
Plate  —  240000  Miles.  Then  fmce  the  Rays  of  the  Sun’s 
XXXV.  Light  at  the  Moon  are  of  the  fame  Denfity  as  with  us 
fig.  6.  (as  being  Parallel) ;  and  fmce  the  lunar  Rays  are  only 
the  folar  Rays  reflected  to  us  by  the  convex  Surface  of 
the  Moon  ;  and  laftly,  fince  parallel  Rays  are  refle&ed 
by  a  fpherical  convex  Surface*  in  fuch  a  Manner  as  to 
go  after  Reflexion  diverging  from  a  Point  which  is  ~ 
the  Semidiameter  of  the  Sphere  diftant  from  the  Vertex 
(as  will  be  lliewn  hereafter)  ;  therefore  fuppofing  the 
Surface  of  the  Moon  to  be  perfectly  fphetical  and  po- 
lilhed,  we  may  compute  the  Denfity  of  the  folar  Rays 
reflected  from  the  Moon  to  the  Earth  as  follows. 

13.  Let  a  by  c  d,  be  two  parallel  folar  Rays  falling 
on  the  Surface  of  the  Full  Moon,  thefe  Rays  will  be 
reflected  to  the  Earth  in  the  Directions  bg  and  dh  di¬ 
verging  from  a  Point  f  in  the  Radius  N  ^half  way 
between  N  and  e „  Mow  the  Denfity  of  the  Rays  fall¬ 
ing  on  the  Moon  will  be  to  thofe  reflected  at  the  Earth’s 
Surface,  as  the  Square  of  g  h  to  the  Square  of  b  d,  or 
as  the  Square  of  f  D  to  the  Square  of  f  <?';  but  f  e  ~ 
544  Miles,  and /D  (e=  N  C  —  CD  —  N  f  —  2400C0 
— 45H  =)23545 6  ;  and  the  Square  of  235456  is  to 
the  Square  of  5.44,  as  187400  to  1  nearly ;  confe- 
quently  the  Denfity  of  the  lunar  Rays  is  to  that  of 
the  folar  Rays  at  the  Earth’s  Surface  as  1  to  187400 
nearly  ;  therefore  a  Burning  Glafis  mull:  condenfe  the 
lunar  Ray's  187400  times  to  make  them  have  the  Heat 
of  the  common  Sun- Beams.  But  this  is  10  times  more 
than  He  tie’s  Mirrour  can  effeft. 

14  Now  this  is  all  upon  Suppofnion  that  the  Moon 
is  a  Sphere,  and  its  Surface  a  perfect  Polifh,  whereas 
neither  of  thefe  Things  have  Place  in  Nature  ;  for  the 
Moon  is  not  a  Sphere  but  a  Spheroid,  and  her  Surface 
very  unequal  or  uneven,  on  both  which  Accounts  the 
Refle&ion  of  Light  mull  be  many  times  weaker  than  we 
have  fuppofed  it;  and  accordingly  Mr.  Bouguer ,  by  Ex_ 
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•  /^  cJ  lAXXX:  Jtv/rT  HT°A 


291 


Of  Light  and  Colours. 

Surface,  and  part  is  tranfmitted  into  the 
Body,  which  is  refrafted  in  right  Lines  to 
the  fecond  or  lower  Surface,  where  it  is 
again  partly  reflected  and  in  part  refradted 
into  the  Air,  and  coming  to  the  Eye,  ren¬ 
ders  the  internal  Parts  of  thofe  Bodies 
vihble,  which  for  that  Reafon  are  faid  to 
be  diaphanous  or  transparent  (CXV.) 

\  »  S'.  jkl 

periments,  has  found  that  it  is  about  17  times  lefs,  or 
that  the  Denfity  of  the  lunar  Rays  is  to  that  of  the  fo- 
lar  as  3000000  to  1  ;  wherefore  a  Burning-Glafs  muft 
condenfe  the  Rays  of  the  Moon  near  3000000,  i.  e. 
three  Millions  of  times,  to  make  them  warm  enough 
to  raife  the  Liquor  of  the  common  Thermometer  ; 
which  is  an  Effect  almoft  200  times  greater  than  Vil- 
lette’s  Mirrour  can  produce. 

(CXV.)  1.  The  Opacity  and  Tranfparency  of  Bo-  p]ate 
dies  in  general  is  thus  occafioned  :  Let  A  B  be  the  Sur-  xxxvi. 
face  of  an  opake  Body  A  B  C  D,  a  Ray  of  Light  G  H  fig,  j. 
falling  thereon  in  the  Point  H  will  in  part  be  refle&ed 
into  the  Rav  HI,  and  by  this  refletted  Ray  the  Point 
H  becomes  vifible  to  the  Eye  at  I  ;  and  thus  all  the 
Points,  and  confequently  the  whole  Surface,  is  made 
vifible  by  that  Part  of  the  Light  which  it  reflects. 

2.  But  the  other  Part  of  the  Ray  entering  into  the 
Body,  being  irregularly  refrafied  and  refle&ed  through 
its  internal  Subftance  of  Particles  and  Pores,  becomes 
divided,  diffipated,  abforbed  and  loft  therein  ;  and  there¬ 
fore  as  none  of  the  Rays  can  come  from  the  internal 
Parts  to  the  Eye,  fo  none  of  thofe  Parts  can  be  vifible, 
and  the  Body  is  in  that  cafe  faid  to  be  opake. 

3.  In  order  to  this  we  muft  confider,  that  though  the 
whole  Body  be  opake,  yet  the  Particles  of  fuch  a  Body 
are  not  fingly  opake,  but  freely  tranfmit  the  Light  with¬ 
out  reflecting  any  Part  between  the  Surfaces,  and  are 
therefore  in  themfelves  tranfparent;  and  were  thofe 
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When  a  Ray  of  Light  HC  falls  on  any 
'plain,  convex,  or  concave  Surface,  as  AB, 


Particles  contiguous  to  each  other,  the  Light  would  pafs 
from  one  to  another  (and  fo-through  the  whole)  with¬ 
out  Refledlion,  as  we  find  by  Experiment  it  will  pafs 
through  feveral  contiguous  Pieces  of  polifhed  Glafs, 
and  thus  produce  Tranfparency. 

4.  But  if  the  Particles  do  not  touch  in  fuch  manner 
as  to  leave  the  Interftices  or  Pores  exceeding  fmall, 
there  will  be  a  Reflexion  of  Light  at  every  Pore  from 
the  Air  which  it  there  meets  with,  as  being  a  Medium 
of  different  Denfity.  For  it  is  known  by  Experiment, 
that  though  a  Ray  of  Light  will  pafs  from  one  Piece  of 
Glafs  to  another,  that  is  contiguous  without  Refledhon, 
yet  will  it  not  pafs  from  the  Glafs  through  the  con¬ 
tiguous  Air  without  being  in  part  reflected  ;  confe- 
quently  where  the  Pores  are  large  and  very  numerous, 
there  the  Refledlion  of  the  Light  will  be  fo  great  upon 
the  whole,  as  to  caufe  a  total  Diffipation  and  Lofs  of 
the  Light  that  enter’d  the  Body,  -and  fo  render  it 
opake. 

5.  This  is  confirmed  by  taking  ten  Pieces  of  clear 
Glafs,  and  laying  them  one  upon  another  over  a  Leaf 
of  Print,  quite  dry,  and  having  only  Air  between  them  ; 
then  taking  ten  other  Pieces  of  the  fame  Glafs,  and 
putting  them  into  Water,  fo  that  it  may  fill  all  their 
Interlaces,  and  then  laying  them  on  the  fame  printed 
Paper  by  the  other,  a  Perfon  looking  through  each  will 
fee  the  Print  or  reading  much  more  diftindf,  clear,  and 
bright,  through  the  latter  Pieces  than  through  the  for¬ 
mer  ;  the  Rays  being  more  regularly  tranfmitted  through 
them  v.'here  the  Denfity  of  the  Parts  is  not  fo  unequal, 
and  alfo  with  much  lefs  Refle&ion,  than  through  the 
other,  where  the  Light  undergoes  a  confiderable  Re¬ 
flection  at  every  Interftice  or  Plate  of  Air  between  the 
Glafles. 

6.  ’Tis  hence  alfo  that  tranfparent  Bodies  are  ren¬ 
dered  opake  by  feparating  their  Parts  and  rendering  them 
more  porous;  thus  Beer  before  it  is  railed  into  Froth 
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DE,  FG,  in  the  Point  C,  the  Angle  HCK, 
made  by  the  incident  Ray  H  C  and  the 


is  tranfparent,  but  the  Froth,  by  reafon  of  its  Pores, 
becomes  opake  ;  thus  dry  Paper  is  more  opake  than 
that  which  is  wetted  with  Water  or  Oil,  becaufe  more 
porous.  Thus  the  Oculus  Mundi  Stone  is  more  opake 
when  dry  than  when  Peeped  in  Water;  and  GlTs  re¬ 
duced  to  Powder  is  no  longer  tranfparent. 

7.  Hence  it  follows,  that  the  Parts  of  Bodies  and  their 
Pores  muft  not  be  lefs  than  a  certain  definite  Bignefs  to 
render  them  opake.  for  the  cpakeft  Bodies,  if  their 
Parts  be  lubtilly  divided,  become  perfe&iy  tranfparent. 

Thus  Copper  diflolved  in  Aqua-fortis  has  all  its  Par¬ 
ticles  pellucid,  and  the  whole  Solution  is  tranfparent. 

Thus  a  Bubble  blown  of  Soap-Water  may  become  fo 
thin  on  the  Top  as  to  refledt  no  Light,  but  will  tranf- 
mit  the  whole.  Thus  Water,  Salts,  Glafs,  Stones,  &c. 
though  they  are  as  porous  as  other  Bodies,  yet  their 
Parts  and  Interflices  are  too  fmali  to  caufe  Reflexions 
in  their  common  Surfaces. 

8.  Therefore  in  all  tranfparent  Bodies,  as  BEFC,  a  pjatff 
Ray  of  Light,  as  K  L,  falling  on  its  Surface  in  the  XXXVI, 
Point  L,  will  there  be  in  Part  refledled  (as  before)  into 
the  Ray  L  M  ;  the  other  Part  will  go  regularly  on  in  a 
redfilineal  Direction  from  the  upper  to  the  lower  Sur¬ 
face  at  N,  where  meeting  with  the  Air  (a  Medium  of  a 
different  Denfity)  it  wilFbe  in  Part  redecled  again  into 
the  Ray  NO;  the  other  Part  goes  out  to  the  Eye  at  P, 
by  which  Means  all  the  internal  Parts  from  whence  that 
Ray  comes  will  be  rendered  vifible  to  the  Eye  ;  and 
fince  this  may  be  conceived  of  every  Point  in  the  Booy, 
it  is  eafy  to  underftand  how  the  whole  becomes  tranf- 
parent. 

9.  I  have  often  found  Gentlemen  reflect  with  great 
Surprize  on  the  exceeding  great  Porofity  of  Bodies 
necefTarily  required  for  the  Tranfmiffion  of  Light,  and 
yet  at  the  fame  Time  on  the  Hardnefs  and  Firmnefs  of 
the  Parts  of,  fuch  Bodies,  as  Glafs,  for  Inftance,  and 
Others.  But  Sir  Ifaac  Newton  has  put  us  into  a  Method 
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cular  and  the  reflected  Ray  Cl:  Or  the  - 
Angle  of  Incidence  is  equal  to  the  Angle 
of  Reflection  in  every  Inclination  of  the 
Ray  of  Light.  This  is  evidently  (hewn  by 
Experiment;  and  it  is  very  well  worth  our 
Obfervation,  that  in  this  Cafe  only,  the 
faid  Ray  takes  the  jhortejl  Way  pojfible  from 
any  Point  H,  to  any  other  Point  I,  if  it 
muft,  in  its  Paflage,  touch  any  of  thofe 
Surfaces  (CXVI.) 

11.  Hence  we  fee  the  Poffibility  of  Bodies  being  fo 
exceeding  porous,  as  to  be  rare  enough  to  tranlmit 
Light  with  all  that  freedom  pellucid  Bodies  are  found 
to  &do.  Though  what  their  real  Stru&ure  or  inward 
Frame  may  be,  is  yet  unknown  to  us. 

(CXVI.1  1.  The  Demonftration  of  this  is  as  fol-  pjate 
lows:  Let  AC  be  the  incident  Ray,  and  C  B  the  re-  xXXVr. 
fledled  one;  from  A  and  B  let  fall  the  Perpendiculars  jrjg. 

A  E,  B  D,  and  let  A  E  =  a,  B  D  ==  b,  E  D  —  c,  and 
EC  =  x;  then  CP  —  c  —  x,  and  AC-Rga  +  yj:, 
and  alfo  C  B  =  \/b  b  +  c  c  —  2  ex  +  *  Then 
fince  A  C  +  C  B  is  to  be  a  Minimum,  we  mult 

make  the  Fluxion  of  its  Expreffion  V7  aa  +  x'x  + 

\/  b  b  +  c  c  —  2  c  x  xx  equal  to  nothing,  viz. 


X  x 


y /  a  a  x  b  b  T  c  c  —  2  c  x  -f-  x  x 

dividing  by  x,  and  multiplying  crofs-wife,  we  have  *•  X 
W  bb-\-cc — icx-\-xx  -j-  x  — c  X  v7  a  17  ~f*  x  ■*“,  confe- 
quently  at  X  \/  bb-\-c. — 2:x-j-xx  =  c—x  X  V aa- \-xx, 
that  is,  E  C  X  C  B  =  C  D  X  A  C  ;  and  fo  we  have 
EC  :  AC  ::  CD  :  C  B.  Confequently  (by  Euclid ,  6 
and  7.)  the  Triangles  A  E  C  and  B  D  C  are  equiangu¬ 
lar,  and  therefore  the  Angle  of  Incidence  ACE  tcuCu 
the  Angle  of  Reflexion. 

U  4 


X  x  ■ 


-c  x 


:o;  whence 


i  HE 
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The  Rays  of  Light  reflected  from  the 
flrft  Surface  of  a  Glafs  are  in  a  much  lefs 
Quantity  than  thofe  refledled  from  the 
fecond  Surface,  as  is  evident  from  hence, 
that  the  Image  formed  in  the  firlf  Cafe  is 
lefs  bright  and  fplendid  than  that  of  the 
latter ;  and  if  the  fecond  Surface  be  con¬ 
tiguous  to  any  tranfparent  Medium ,  as  Air, 
Water,  &c.  the  Rays  will  be  reflected  from 
thence  in  greater  Plenty,  as  the  Medium  is 
more  rare;  whence  the  Image  by  Reflection 
from  the  fecond  Surface  is  brighter  when 
that  Surface  is  contiguous  to  Air,  than 
when  it  touches  Water ;  and  m.oft  bright 
when  it  is  contiguous  to  a  Vacuum. 

If  the  fecond  Surface  of  Glafs  be  cover’d 
with  an  opakeBody  impervious  to  the  Rays 
of  Light,  they  will  then  be  reflected  in 
much  greater  abundance  from  the  fecond 
than  from  the  firft  Surface,  and  the  Image 
will  be  proportionally  more  bright  than  that 
formed  by  Reflexion  from  the  firfl;  Sur- 

2.  Since  the  concave  Plane  FCG,  and  convex  Plane 
D  C  E  do  both  touch  the  Plane  A  B  in  the  fame  fingle 
Point  C  on  which  the  Ray  of  Light  is  fuppofed  to  fall ; 
the  fame  Law  of  Reflection  mull  hold  with  refpeCt  to 
all  the  Planes  equally  ;  becaufe  the  Situation  of  any 
other  Particles  have  nothing  to  do  in  the  Caufe  of  Re¬ 
flection  of  Light,  but  that  on  which  the  Ray  immedi¬ 
ately  impinges. 
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face ;  which  is  the  Cafe  of  all  Glafles  fo¬ 
liated  or  quickfilver’d.  Whence  it  appears, 
that  the  Light  reflected  from  the  firft  Sur¬ 
face  bears  a  very  fmall  Proportion  to  that 
which  is  tranfmitted  into  the  Subftance  of 
the  Glafs. 

When  a  Ray  of  Light,  as  HC,  paffeSp^ 
out  of  Air  into  a  denfer  Medium,  as  A  B  F  O,  XXXIV, 
it  will  be  ftrongly  attrafted  by  the  Particles  Fig.  8. 
of  the  Surface  of  the  Medium  A  B,  a  little 
way  on  each  Side ;  the  Confequence  where¬ 
of  is,  that  its  Motion  will  be  accelerated  at 
the  Entrance  of  the  Medium,  and  its  Di- 
redlion  fomewhat  altered;  for  fince  theAt- 
traaion  of  the  Medium  is  perpendicular 
to  its  Surface,  it  will  deflea  or  bend  the 
Ray  out  of  its  firft  Direaion  H  F,  into  a 
new  one  C  E,  (through  the  Medium)  whicn 
lies  nearer  to  the  Perpendicular  KD,  drawn 
through  the  Point  of  Incidence  C :  And 
this  is  called  the  Refraction  of  a  Ray  of 
Light ;  H  C  K  is  the  Angle  of  Incidence, 
and  D  C  E  the  Angle  of  Refraaion. 

If  on  the  Point  C  be  deferibed  a  Circle 
DHKG,  and  from  the  Points  H  and.G 
(where  the  Circle  cuts  the  incident  refracted 
Ray)  be  drawn  the  Lines  HL,  GI,  at  Right 
Angles  to  the  Perpendicular  KD,  they  will 
be  the  Sines  of  the  Angles  of  Incidence  and 
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RefraBion.  And  it  is  feveral  ways  demon- 
Arable,  that  in  every  Inclination  of  the 
Ray  of  Light  H  C  to  the  Surface  of  the 
Medium  A  B,  thofe  two  Sines  H  L  and  G I 
will  always  have  one  certain  or  conftant 
Ratio  or  Proportion  to  each  other:  And 
that  HL  :  GI  ::  4  :  3,  if  the  Refra6tion 
be  out  of  Air  into  Water  5  but  H  L  :  G I  : : 
17  :  11,  or  3  :  2  nearly,  if  out  of  Air  into 
Glafs ;  and  in  general,  the  denfer  the  Me¬ 
dium,  the  greater  its  refradive  Power,  or 
Difproportion  of  the  Sines ;  all  which  Par¬ 
ticulars  are  render’d  very  evident  by  Ex¬ 
periments. 

If  a  Ray  of  Light,  as  E  C,  pafs  out  of 
a  denfer  Medium  into  a  rarer,  as  a  Water 
or  Glafs  into  Air,  it  will,  upon  entering 
the  rarer  Medium  at  C,  be  refraCted  from 
its  firfl  Direction  EN  into  a  new  one  CH, 
which  will  be  farther  off  from  the  Perpen¬ 
dicular  KCD;  and  in  this  Cafe,  I  G  will 
be  the  Sine  of  the  Angle  of  Incidence,  and 
H  L  that  of  the  Angle  of  Refraction ;  and 
all  other  Particulars  juft  the  reverfe  of 
what  they  were  before  under  the  fame 
Names. 

Hence  it  follows,  that  if  any  ObjcCt  be 
placed  at  E,  and  covered  with  Water  to 
the  Height  C  D,  it  will  be  feen  by  an  Eye 
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placed  any  where  above  the  Surface  AB, 
m  a  Situation  lower  than  would  be  other- 
wife  poffible ;  and  thus  Objects  which  are 
invifible  may  be  render’d  vifible  by  the  In- 
terpohtion  of  a  denfer  Medium,  as  is  well 
known  by  a  common  Experiment.  On. 
this  Account  it  is  that  we  fee  the  Sun, 
and  other  Luminaries,  while  they  are  yet 
below  the  Horizon,  in  a  Morning  before 
they  rife,  and  in  the  Evening  after  they 
are  fet,  by  the  Refraction  of  the  Atmo- 
fphere.  Hence  alfo  the  Difference  in  the 
Diameters  of  the  horizontal  Sun  cind  Ivloony 
and  their  elliptic  Figure ,  by  the  greater  Re¬ 
fraction  of  the  Rays  coming  from  the 
lower  Limb. 

Again  ;  it  follows,  that  if  an  Object 
be  viewed  which  is  part  in  one  Medium 
and  part  in  another,  as  a  Staff  reprefented 
bvNE,  it  will  not  appear  fir  ait,  but  crooked, 
for  if  the  Eye  be  in  the  rarer  Medium, 
the  Part  of  the  Staff  in  the  denfer,  C  J E, 
will  be  refracted  into  the  Line  CF,  and 
the  whole  Staff  will  appear  in  the  crooked 

Form  NCF.  . 

Hence  alfo  all  Objects  m  a  denfer  Me¬ 
dium  appear  raifed  or  elevated  above  their 
real  Situations:  Thus  the  Part  of  the  Staff 
CE  is  raifed  into  the  Situation  CF;  and 
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the  Bottom  of  all  VefTels,  if  covered  with 
Water,  appear  raifed,  or  higher  by  a  fourth 
Part  of  the  Depth  of  the  Water,  than 
what  they  really  are  (CXVII.) 

(CXVII.)  r.  If  Bodies,  on  which  Light  falls,  were 
fuppofcd  to  affe£t  it  no  other  Ways  than  by  giving  Ad- 
million  to  the  Rays,  or  permitting  them  to  pafs  thro’ 
their  Subfiance,  they  would  then  perfevere  in  the  fame 
Right  Line  after  their  Immerfion,  as  before ;  and  of 
Courfe  there  could  be  no  fuch  thing  as  the  Refra&ion 
above  defined.  But  Bodies  are  not  paffive  to  the  Rays 
of  Light,  but  a£l  upon  them  with  a  real  and  determi¬ 
nate  Force,  as  is  evidently  proved  by  Experiments. 
Thus  if  a  very  fmall  round  Hole  be  made  in  a  thin 
Piece  of  Metal,  and  the  Light  of  the  Sun  tranfmitted 
through  it  into  a  dark  Room;  if  the  Metal  acted  not 
on  the  Ray  palling  through  the  Hole,  the  Spot  of  Light 
would  always  be  of  the  fame  Size  with  the  Hole  at  all 
Diflances  from  it ;  but  becaufe  we  always  obferve  the 
luminous  Spot  is  larger  than  the  Hole,  and  the  more 
fo  as  it  is  farther  diftant,  is  a  plain  Proof  that  the  Par¬ 
ticles  of  the  Metal  in  the  Periphery  of  the  Hole  a£t  with 
an  attradling  Force  on  the  Rays  of  Light,  and  inflect  them 
in  fuch  a  manner  as  to  caufe  them  to  proceed  diverging 
from  each  other.  5  b 

2.  In  like  manner,  if  the  Rays  of  Light  are  made  to 
pafs  between  the  parallel  Edges  of  two  Knives  placed 
at  the  Diflance  of  -jo  of  an  Inch,  we  {hall  obferve  on 
each  Side  the  tranfmitted  Beam  a  Glare  of  Light  like 
that  of  the  Tail  of  a  Comet,  if  the  Beam  be  received 
on  a  Sheet  of  Paper,  at  the  Diflance  of  about  4  or  5 
Foot  from  the  Knives.  And  if  the  Knives  are  placed 
with  their  Edges  about  rlo  of  an  Inch  apart,  inftead  of 
the  Light  above-mentioned,  you’ll  obferve  on  each  Side 
the  Beam  of  Light,  three  Fringes  of  colour’d  LFht 
parallel  to  the  Edges  of  the  Knives,  which  are  more 
diftindt  as  the  Hole  of  the  Window  or  Beam  of  Light 
is  lefs.  & 
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The  Sun’s  Rays,  as  I  have  faid,  are  not 
homogeneous,  but  of  different  Kinds  j  and 

3.  If  the  Edges  of  the  Knives  be  brought  within 
of  an  Inch,  no  Light  will  appear  on  the  Paper  be¬ 
tween  the  faid  Fringes,  fo  that  all  the  Light  which 
paffes  between  the  Edges  is  inflected  on  either  Side, 
which  plainly  {hews  that  Steel  acts  at  the  Diftance  of 
rso  Part  of  an  Inch  upon  the  Rays  of  Light,  by  an 
attractive  Force  which  is  increafed  as  the  Diftance  of 
the  Knives  is  diminifhed. 

4.  On  the  other  Hand,  the  Shadows  of  all  Bodies 
placed  in  the  Beam  of  Light  in  the  dark  Room  are 
larger  than  they  ought  to  be,  were  the  Rays  of  Light 
to  pafs  by  them  unaffected  by  any  Power  from  them ; 
for  then  the  Shadow  would  be  at  all  Diftances  of  one 
and  the  fame  Bignefs,  v.'Z.  equal  to  that  of  the  Body  > 
but  ftnce  we  obferve  the  Shadow  always  larger  than  the 
Body,  it  follows,  that  the  Rays  muft  proceed  diverging 
from  the  Surface  of  the  Body,  which  they  could  not  do 
but  by  virtue  of  a  repellent  Power,  which  caufes  them 
to  feparate  to  a  greater  Diftance  after  they  have  pafs’d 
by  the  Surface  of  the  Body ;  thus  the  Shadow  of  a 
Hair  has  been  obferved  35  Umes  bigger 

itfelf. 

5.  This  attracting  and  repelling  Power  in  the  Par-  plate 
tides  of  Bodies,  by  which  they  inflect  the  Rays  of  XXXVI, 
Light,  is  the  Caufe  of  all  Reflection  and  Refraction  Fig.  4. 
of  Light,  of  which  we  {hall  now  treat  more  particu¬ 
larly,  Let  there  be  two  Mediums  (fuppofe  of  Air  and 
Wuter)  and  a  Ray  of  Light  H  G  in  the  rarer  Medium 
( Air)  tend  towards  a  Point  K  in  the  Surface  of  the 
denfer  Medium  ( Water )  A  B;  the  attracting  Power 
of  the  Particles  in  the  Surface  of  the  denfer  Medium 
extends  to  a  certain  fmall  Diftance,  as  to  the  Line  E  F ; 
as  foon  then  as  the  Ray  is  arrived  at  the  Line  E  F,  it 
gets  into  the  Attraction  of  the  Medium,  w'hich  ads 
perpendicular  to  the  Surface. 

6.  The  Particle  of  Light  in  the  Point  G,  begins  to 
be  acted  upon  by  two  Forces ;  one  derived  from  its  na- 

each 
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each  Sort  has  a  different  Degree  of  Refran- 
gibility,  that  is,  in  paffing  through  a  denfe 

tural  Velocity  in  the  Direction  G  K,  the  other  derived 
from  the  attra&ing  Medium  in  the  Direction  G  I ;  let 
then  the  Parallelogram  G  K  M  I  be  compleated,  and 
’tis  manifeft  (from  what  we  have  {hewn  already)  that 
the  Ray  will  move  in  the  Diagonal  of  this  Parallelo¬ 
gram,  viz.  in  the  Direction  G  M,  and  impinge  on  the 
Surface  at  L. 

7.  Now  fince  the  Ray  of  Light,  after  it  comes  to  G, 
is  influenced  by  the  attracting  Virtue  of  a  Number  of 
Particles  continually  increafing  till  it  comes  to  L,  the 
Force  therefore  by  which  it  is  urged  in  the  Direction 
G  I,  is  a  Force  uniformly  increafing,  like  that  of  Gra¬ 
vity  ;  its  Motion  therefore  will  be  conftantly  accele¬ 
rated,  and  its  Direction  G  L  not  a  Right  Line,  but  a 
Curve.  But  fince  the  Diftance  G  I  is  indefinitely  fmall, 
the  Curvature  of  its  Path  for  fo  fhort  a  Space  is  not 
fenfible,  and  may  therefore  be  reprelented  by  a  Right 
Line. 

8.  Let  N  O  be  drawn  parallel  to  the  Surface  A  B,  at 
the  fame  depth  below,  as  E  F  is  above  it ;  and  then  it 
is  evident  that  fince  the  Particle  of  Light  is  attracted 
every  way  equally  within  the  Diftance  of  I  G  all  round, 
th,e  Attraction  will  be  greater  towards  the  Line  N  O  as 
it  approaches  nearer  to  it;  confequently  its  Motion  will 
Rill  be  accelerated  from  L  to  the  faid  Line,  and  will 
alfo  be  a  Curve  ;  therefore  the  Particle  will  not  go  on  to 
M  in  the  Diagonal  G  M,  but  will  go  to  a  Point  P 
in  the  Curve  L  P,  nearer  to  the  Perpendicular  Line 

LQ, 

9.  After  it  is  arrived  to  the  Line  N  O  in  the  Point 
P,  the  Attraction  will  be  on  all  Sides  equal,  its  Motion 
or  Velocity  uniform,  and  its  Di section  a  Right  Line, 
till  it  comes  within  the  fame  Diftance  G  I  of  the  under 
Surface  of  the  Medium  CD,  where  its  Path  will  again 
begin  to  be  incurvated  into  R  S,  and  every  thing  will 
be  the  ReVerfe  of  what  we  have  now  obferved  at  its  Im 

Medium, 
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Medium,  they  are  differently  difpofed  to 
be  refracted,  being  bent  or  turned  out  of 

merfion,  that  is,  RS  will  be  fimilar  to  G  L,  and  SV 
parallel  to  H  G,  or  the  Angle  HGX  =  V  S  Y. 

10.  The  denfer  any  Medium  is,  the  greater  will  be 
the  Number  of  attracting  Particles  in  a  given  Space, 
and  fo  the  greater  will  be  the  Force  G  I,  or  the  refrac¬ 
tive  Power  of  the  Medium;  thus  Water  is  lefs  denfe, 
and  therefore  has  a  lefs  refractive  Power  thanGlafs,  and 
Glafs  lefs  than  Diamond.  But  Oils ,  though  lefs  denfe 
than  Water,  have  yet  a  greater  refractive  Power,  as  con¬ 
taining  a  greater  Proportion  of  Sulphur  than  other  Bodies  } 
for  fince  Action  and  Re-ation  are  mutual  and  equal  be¬ 
tween  all  Bodies,  and  fince  we  fee  that  Rays  of  Light 
congregated  by  a  Burning- Glafs  act  moll  upon  fulphu- 
reous  Bodies  in  turning  them  into  Fire  and  Flame,  fo 
on  the  contrary,  Sulphurs,  Oils,  Spirits,  &c,  ought  to 
act  moft  upon  Light,  as  we  conftantly  find  they  do  ; 
and  Sir  IJ'aac  Newton  thought  it  reafonable  to  attribute 
the  refractive  Power  of  Bodies  chiefly,  if  not  wholly, 
to  the  fulphureous  Parts  with  which  they  abound. 

it.  Since  the  Velocity  of  Light  in  different  Medi-  pjate 
urns  is  different,  let  its  Velocity  in  the  rarer  Medium  XXXIV. 
from  H  to  C  be  to  that  in  the  denfer  Medium  from  C  pjgi  g. 
to  E,  as  m  to  n  ;  and  fince  the  Spaces  defcribed  are  as  ° 
the  Rectangles  under  the  Times  and  Velocities,  the 
Times  wilfbe  as  the  Spaces  directly,  and  the  Velocities 
inverfcly ;  whence  the  Time  of  defcribing  the  Line 
H  C  will  be  to  the  Time  of  defcribing  the  Line  C  G, 
ajnXHCtomXCG.  Let  01:=#,  C  L  =  £,  H L 
-f  I G  =  e,  and  I G  =  * ;  then  will  H  L  =  c  —  xt 

and  confequently  CG  —  ^  u  a-\-  x  xt  and  HCs 
x/Tb- f-Vc —  2  cx  +xx  ;  whence  the  Time  in  which 
H  C  -f  CG  is  moved  through  is  m  ^aa  +  xx+n 

x/bb  +  cc — 2cx  +  xx.  . 

12.  Now  admitting  that  Nature  does  every  thing  m 
the  jhorteji  IVay,  we  have  the  foregoing  Expreflion  of 
the  Time  a  Udinimum,  and  fo  its  Fluxion  equal  to  No- 

their 
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their  firftCourfe  to  different  Diftances  from 
the  Perpendicular:  And  thefe  feveral  Sorts 


m  x  x 


n  xx- 


■n  c  x 


thing,  viz.  -  -f-— — ■■■  ■  ■  ~  — os 

V  aa-\-xx  Vbb-y-cc — 2xc-f~xx 


whence  we  have 
fflXlG 


7/1  x 


nXc — x 


that 


V'  aa-fxx  \/ bb-\-cc- — 2cx-\-xx  ’ 

is,  -■  ■  —  =  -  yttv--  Hence,  making  H  C  =  C  G, 

we  have  wzXlG  =  «XHL;  and  confequently,  m  :  n 
::  H  L  :  I G. 


13.  But  the  Ratio  of  m  to  n,  that  is,  of  the  Velocity 
before  and  during  the  RefraClion,  is  conftant,  or  always 
the  fame  in  the  fame  Media  ;  therefore  the  Lines  H  L 
and  I  G  are  in  a  given  or  conftant  Ratio.  Hence  we 
have  this  fundamental  Law  of  Refraction,  That  the  Sine 
of  the  Angle  of  Incidence  is  always  in  a  conflar.t  Ratio  to 
the  Sine  of  the  Angle  of  Refraflion ,  in  all  Inclinations  of 
the  incident  Ray  whatfoever. 

14.  Since  the  Proportion  of  thefe  Sines  is  conftant, 
it  remains  that  we  determine  what  that  Ratio  is  in  dif¬ 
ferent  Media  ;  and  for  that  Purpofe  there  are  various 
Methods,  one  of  the  beft  of  which  I  {hall  here  defcribe, 

pjate  but  muft  firft  premife  the  following  Lemma.  Let  GHD 
XXXVI  be  an  equilateral  Triangle,  and  let  the  Angle  D  be  bi- 
jrjo-  r  feted  by  the  Right  Line  DO;  let  A  K  M  C  be  drawn 
a  parallel  to  the  Side  G  H,  and  through  the  Point  K 
draw  I  K  N  cutting  O  D  in  N ;  then  is  the  Angle  A  K I 
~NKB,  as  being  vertical  to  each  other.  Alfo  the 
Triangle  NKD  is  divided  into  two  fimilarand  equian¬ 
gular  Triangles  NKB  and  BKD,  by  the  Perpendicu¬ 
lar  K  B  ;  and  therefore  the  Angle  N  K  B  is  equal  to  the 
Angle  K  D  B.  All  which  is  evident  from  Euclid's  Ele¬ 
ments. 

15.  Suppofe  now  that  G  H  D  be  the  Setion  of  a 
Prifm  of  Water  or  Glafs,  or  any  pellucid  Medium,  and 
K  M  a  Ray  of  Light  pafting  through  it  parallel  to  the 
SideGH;  aud  let  it  go  out  of  the  Prifm  and  be  re¬ 
flated  into  the  Air  on  each  Side  into  the  Directions  K  F 
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of  Rays  have  each  a  peculiar  Colour,  viz* 
thofe  which  are  lead  refrangible  are  red  j 

and  M  E ;  upon  the  Point  K  defcribe  the  Semicircle 
P  I  Q_;  then  is  N  K  B  (rr  K  D  B)  A  K  1,  the  Angle 
of  Incidence  out  of  the  Prifm  into  Air,  and  F  K  I  is 
the  Angle  of  Refraction  ;  confequently,  A  R  and  F  S 
are  the  Sines  of  the  Angles  of  Incidence  and  Refrac¬ 
tion  out  of  the  Prifm  into  Air. 

16.  On  the  contrary,  we  may  confider  FK  as  the 
incident  Ray  falling  upon  the  Prifm  in  the.  Point  K,  and 
refraCted  in  the  Direction  K  M  parallel  to  the  Side  G 
which  at  the  Point  M  emerges  again  into  the  Air  in  the 
Direction  M  E,  making  the  Angle  EML  with  the 
Perpendicular  M  L  equal  to  the  Angle  F  K  I.  In  this 
Cafe  the  Angle  F'Kl  is  the  Angle  of  Incidence,  and 
N  KB  is  the  Angle  of  Refraction  in  the  Prifm  ;  which 
Angle  of  Refraction  is  therefore  given,  or  conftant,  as 
it  is  always  equal  to  the  Angle  K  D  B,  or  half  the 
Angle  of  the  Prifm. 

17.  The  Angle  of  Incidence  F  K  I  confifts  of  two  p]a(e 
Parts,  viz.  of  the  given  Angle  AKI  (=r  KDB)  and  yxyvt 
the  additional  Angle  A  KF.  Now  the  Angle  A  K  I  ^  * 
is  known,  as  being  equal  to  half  the  Angle  of  the 

Prifm  ;  and  the  Angle  F  K  A  is  kttown  by  placing  the 
Prifm  by  the  Centre  of  a  graduated  Semicircle,  as  A  B  C, 
carrying  an  Index,  whofe  two  Arms  F  K  and  K  E  are 
equally  elevated  above  the  horizontal  Line  A  C,  and 
correfpond  to  the  incident  and  emergent  Ray  F  K  and 
M  E  in  the  other  Figure.  For  here  ’tis  evident,  if  an 
ObjeCl  be  placed  on  the  End  of  the  Arm  F,  it  will  be 
feen  by  an  Eye  looking  through  the  Sights  at  the  other 
End  of  the  Index  E  ;  and  when  the  ObjeCI  is  thus 
feen,  the  Angle  A  KF  is  known  by  the  Number  of 
Degrees  which  each  Arm  cuts  upon  the  Limb  of  the 
Semicircle. 

18.  This  Number  of  Degrees,  added  to  the  conftant 
Number  30°,  which  is  equal  to  half  the  Angle  of  the 
Prifm,  gives  the  whole  Angle  of  Incidence  FKI ;  and 
thus  the  Angles  of  Incidence  and  Refradlion  being 

Vol.  II.  X  the 


Of  L  ight  and  Colours. 

the  fecond  Sort,  Orange  j  the  third  Sort, 
Yellow  j  the  fourth  Sort,  Green  the  fifth 


found,  thcProportion  of  the  Sines  FS  and  AR  will  be  dif- 
covered,  which  Ratio  is  always  the  fame  while  the  Mat¬ 
ter  of  the  Prifm  remains  the  fame,  as  wa^  before  {hewn 
from  the  Theory,  and  may  by  this  Inftrument  be  proved 
by  Experiment.  For  Example,  let  the  Prifm  be  of 
Water ,  it  will  be  neceflary  to  elevate  each  Arm  12  De¬ 
grees  upon  the  Limb,  before  the  Image  of  the  Object  at 
F  can  be  feen  by  the  Eye  at  E  ;  then  12  -f-  30  rr  408 
—  FKA-{-AKIm;FKI,  the  Angte  of  Incidence. 
But  the  Sine  F  S  of  420  is  to  the  Sine  AR  of  30°  as  4 
to  3  very  nearly. 

19.  Now  it  is  plain,  if  the  Ratio  of  the  Sines  AR 
and  F  S  were  not  fixed,  fince  F  S  might  be  in  any  Ratio 
greater  or  lefs  than  A  R,  the  incident  Ray  F  K  may 
make  an  Angle  F  IC  I  greater  or  lefs  than  42°,  and  yet 
the  Object  at  F  be  feen  by  the  Eye  at  E ;  but  this  we 
fin  1  by  Experiment  to  be  impoffible,  becaufe  there  is  no 
other  Elevation  of  the  Arms  of  the  Index  that  will  ex¬ 
hibit  the  Appearance  of  the  Object,  but  the  one  above- 
mentioned. 

20.  If  GHD  were  a  Prifm  of  Glafs,  as  that  is  a 
denfer  Body  than  Water,  fo  its  refractive  Power  will  be 
greater,  and  confequently  it  will  act  more  flrongly  up¬ 
on  the  Ray  K  M  at  its  Exit  into  the  Air,  and  caufe  it 
to  be  refracted  farther  from  the  Perpendicular  I  K  or 
ML.  Therefore  the  Angle  of  Incidence  out  of  Air 
into  'Glafs,  v'z.  the  Angle  F  K  I,  ought  to  be  gi eater, 
and  fo  to  require  a  greater  Elevation  of  the  Legs  of  the 
Index  than  before  in  the  Prifm  of  Water  :  And  this  we 
find  by  Experiment  is  the  Cafe  ;  for  then  the  Elevation, 
inftead  of  12°,  mult  be  about  2  2°  or  23  '. 

21.  Hence  ’tis  plain,  the  Sine  of  Incidence  FS  mud 
be  in  a  confiant  Ratio  to  the  Sine  of  Refraction  A  R  ; 
becaufe,  fince  the  Angle  A  K  L  is  invariable,  (being 
always  equal  to  G  D  O)  and  in  the  fame  Medium  Jfx  D 
H,  the  Angle  FKI  mud  always  be  the  fame,  becaufe 
fche  refractive  Power  is  every  where  fo  j  therefore,  the 
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Sort,  Blue ;  the  lixth  Sort,  Indigo  ;  and  the 
feventh  Sort,  Violet ,  which  are  moll  re¬ 
frangible,  or  refracted  to  the  greatell  Dis¬ 
tance  from  the  perpendicular. 

To  illuftrate  this  Matter,  let  GF  repre¬ 
sent  a  Parcel  of  the  folar  Rays  entering 
through  the  Hole  H  of  a  Window-Shut¬ 
ter,  into  a  darken’d  Room;  and  there  let 
them  fall  on  the  Prifm  ABC,  in  the  Point 
F  :  In  palling  through  the  Prifm  they  will 
be  Severally  refracted  in  a  different  Degree, 
and  thus  Separated  from  each  other,  So 
that  at  their  Exit  on  the  other  Side  at  E, 


Angles  being  conftant,  the  Sines  will  be  fo  too,  of 
their  Ratio  to  each  other  always  the  fame. 

22.  As  by  this  Inflrument  the  Angles  of  Incidence 
and  Refraction  are  difcovered,  the  Ratio  of  their  Sines 
will  be  known  of  courfe,  for  each  refpeCtive  Medium. 
Thus  in  JVater  the  Sine  of  4 is  to  the  Sine  of  3Q3 
as  4  to  3  very  nearly  ;  and  in  Glafs  the  Sine  of  46p  is  to 
the  Sine  of  30°  as  3  to  2,  or  more  nearly  as  17  to  1  r. 
By  fome  Experiments  it  has  been  found,  that  the  Sine 
of  Incidence  is  to  the  Sine  of  RefraCtion  in  Diamond 
as  5  to  2. 

23.  But  Since  in  Phyfical  Matters  we  have  no  Autho¬ 
rity  comparable  to  Sir  Ijaac  Neivtcn ,  1  friall  here  give  a 
Table  (from  his  Optics)  of  the  Proportion  of  the  iines 
of  Incidence  and  Refraction  of  Yellow  Light  (that 
being  neatly  a  Mean  between  the  greateft  and  leaft  re¬ 
frangible  Rays,  aswefliall  fee  farther  on).  This  will  be 
contain’d  in  the  firft  Column;  the  fecond  exprefies  the 
Densities  of  the  Bodies  eftimated  by  their  Specific  Gra¬ 
vities;  and  the  third  the  refractive  Power  of  each  Body 
in  refpect  of  its  Denilty. 

X  2  * 


they 
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they  will  proceed  at  different  Diftances 
from  the  Perpendicular  E  P  to  the  other 


Plate 
XXXVI. 
Fig.  7. 


The  Refracting  Body. 

Proportion  0 / 
the  Sines. 

‘i  he 
Denfity. 

Ref. 

Power 

Air  -  - 

3201 

to 

3200 

0,0012 

5208 

Glafs  of  Antimony 

17 

to 

9 

5,2800 

4864 

A  Pfeudo-Topaz  • 

23 

to 

M 

4,270c 

3979 

A  Selenites  - - 

6l 

to 

4' 

,2520 

5386 

Common  Glafs 

31 

to 

20 

2,5800 

5436 

Cryftal  of  the  Rock 

2S 

to 

16 

2,6500 

545° 

I Band  Cryftal  - 

5 

to 

3 

2,7200 

6336 

Sal  Gemmas  - 

17 

to 

1 1 

2,1430 

6477 

Alum  -  - 

35 

to 

24 

1,714° 

657° 

Borax  -  - 

22 

to 

*5 

1,7140 

6716 

Nitre  -  - 

3° 

to 

21 

1,9000 

7°79 

Dantzick  Vitriol 

3°3 

to 

2C0 

1,7150 

7  5  S 1 

Oil  of  Vitriol 

1  2 

to 

7 

1,7000 

6 1 24 

Rain-Water  - - 

529 

to 

396 

1,0000 

7854 

G  am  Arabic  - 

3 1 

to 

21 

i,375° 

8574 

Spirit  of  Wine  rectified 

1 00 

to 

73 

o,8t6c 

10121 

Camphire  - 

3 

to 

2 

0,9960 

1 2  5  5  1 

Oil  Olive  - 

22 

to 

*5 

0,913° 

12607 

Linfeed  Oil  - 

40 

to 

27 

0,9320 

12819 

Spirit  of  1  urpentine 

2  5 

to 

*7 

0,8740 

13222 

Amber  - 

H 

to 

9 

1,040c 

13654 

A  Diamond  - 

ICO 

to 

41 

3,4000 

14556 

25.  The  Refraction  of  the  Air  in  this  Table  is  de¬ 
termined  by  that  of  the  Atmofphere  obferved  by  Afiro- 
nomers  ;  for  if  Light  pafs  through  many  refracting  Sub- 
ftances,  or  Mediums,  gradually  denfer  and  denfer,  and 
terminated  with  parallel  Surfaces,  the  Sum  of  all  the 
Refractions  will  be  equal  to  the  fingle  Refra&ion  it 
would  have  fuffer’d  in  palling  immediately  out  of  the 
Lift  Medium  into  the  lalt ;  becaule  the  immergent  Ray 
will  be  parallel  to  the  incident  one  in  every  Medium 
fingly  (by  Art.  9.)  if  they  were  feparated  ;  and  their 
being  contiguous  can  make  no  Alteration.  Hence,  if 
A  A  be  the  Medium  of  Air  interceding  two  different 
Media,  as  B  B  of  Water,  and  CC  of  Glafs;  then  the 
emergent  Ray  e  i  out  of  the  Water  is  parallel  to  the  in- 
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Side  of  the  Room,  where  they  will  make  a 
long  and  various -colour’d  Image  of  the 


cident  Ray  a  r,  and  the  emergent  Ray  /  o  out  of  Glafs 
is  parallel  to  the  incident  Ray  e  i ;  whence  ’tis  plain, 
the  Refraction  of  the  Ray  1 1  is  the  fame  as  if  the  two 
Media  B  B  and  C  C  were  contiguous,  the  Ray  e  i  in 
that  Cafe  being  loft,  which  makes  no  Difference. 

26.  Hence,  if  the  Sine  of  Incidence  out  of  Air  into 
Water  be  as  (abide)  I  :  R,  and  that  of  Incidence  to 
the  Sine  of  RefraCtion  out  of  Air  into  Glafs  as  (no  :  i  k) 


I :  R  ;  then  n  0  = 


i  kX  I 

~JC 


—  ab  rz 


de  XI 

~ R  ’ 


whence  R  X 


/X  i  k  =  R  X  I  X  de-,  but  when  the  two  Media  B  B 
and  CC  are  contiguous,  de  —  cf  will  be  the  Sine  of 
Incidence  out  of  Water  into  Glafs,  and  1  k  —  ?n  l  the 
Sine  of  Refraftion  ;  therefore  cf:  ml  ::  RX  I:  RXl 
::  the  Sine  of  Incidence  out  of  Water  :  to  the  Sine  of 
RefraCtion  in  Glafs. 

27.  I  cannot  here  omit  to  mention  the  accurate  Me-  p]ate 
thod  which  was  made  ufe  of  by  Mr.  Hawkjbee ,  at  the  XXXVI 
Appointment  of  the  Royal  Society,  to  determine  the  p- 
tefraCtive  Power  of  the  Air,  which  was  thus  :  He  made 
choice  of  a  diftinct  erect  Object  P,  at  the  diftance  of 
2588  Feet;  a  Prifm  ABC  was  exhaufted  of  its  Air,  and 
applied  to  the  End  of  a  10  Foot  Telefcope  with  a  Hair 
in  its  Focus.  The  Object  was  then  viewed  through 
the  Vacuum  by  the  Ray  P  E  S;  then  admitting  the  Air 
into  the  Prifm,  the  Object  was  feen  to  rife  above  the 
Hair  gradually,  as  the  Air  entered;  in  the  End,  the 
Hair  was  found  to  hide  a  Mark  in  the  Object  iot  Feet 
below  the  Mark,  as  at  P,  fo  that  PM  -  10;  Feet. 

28.  This  done,  the  Condenfer  was  applied,  and  one 
Atmofphere  injected  into  the  Prifm,  which  was  applied 
to  the  Telefcope,  as  before,  and  letting  out  the  Air, 
the  Object  was  feen  to  defcend  through  the  fame  Space 
of  io'  Feet.  Now  fince  the  Radius  P  I  =  2588,  and 
P  M  =  10,25,  we  fhall  find  the  Angle  PI  M  =  68v, 
the  half  of  which  gives  34"  for  the  Angle  Q_D  J,  which 
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San  XY,  which  is,  perhaps,  one  of  the 
■moft  furprising  and  agreeable  Spectacles  of 
Nature. 

taken  from  the  Q_D  K  or  Q_B  D  (—  32"  =  half  the 
Angle  of  the  Prifm)  gives  the  Angle  KOI  or  L  D  S 
31°  59/  2t ",  and  fo  the  Sine  of  the  Angle  of  Inci¬ 
dence  in  V-acui  (520)  is  to  the  Sine  of  the  Angle  of" 
Refraction  into  Air  (31°  59'  2$")  as  1000000  to 
<599736.  (See  Mi*  hazvkjiies  own  Figures  in  Plate 
35-  Pig'  7,  8,  9.) 

29.  In  order  to  underftand  the  Difference  between  the 
true  and  apparent  Places  of  Objects,  fee.n  through  a 
Medium  of  different  Denfity  from  the  Air,  let°  the 
Scheme  be  conftructed  as  in  the  Figure,  where  the  Sines 

Plate  of  Incidence  and  Refradtion  are  H  L  and  Gl;  and 

XXXIV.  thefe  are  in  a  given  Ratio  of  A  to  B,  that  is,  HL  : 

Fig.  9.  G  I  A  :  B  ;  but  bec  .ufe  of  parallel  Lines  N  Q^K  C, 
we  have  HLrNK;  therefore  N  K  :  I  G  ::  A  •  B  •• 
N  C  :  I  C  =  H  C  ;  but  N  C  :  H  C  ::  C  E  :  C  m',  be- 

caufe  P  £  is  parallel  to  KD,  therefore  CE'CM  j 

A  :  B. 

30.  Now  fince  the  Ray  £  C  coming  from  an  Object 
at  E  is  refraded  in  the  Air  into  the  Ray  H  C  ;  if  H  C 
be  continued  to  F,  the  apparent  Place  of  the  Objed 
will  be  in  the  re  traded  Ray  at  M  in  the  Perpendicular 
E  P,  and  projected  to  F  on  the  horizontal  Plane  O  R, 
but  the  Point  M  will  always  be  the  viiible  Place  of  the 
Image  ;  therefore  when  the  Angle  C  E  O  is  indefinitely 
fmall,  or  the  Point  C  coincides  with  O,  the  Lines  C  E 
and  C  M  will  become  O  E  and  OM;  and  in  that  cafe, 
OE  :  O  M  ::  A  :  B  ::  4  ;  3,  in  Water.  Whence  ’tis 
evident  that  the  apparent  place  of  an  Objed  immerfed 
in  Water,  and  view’d  in  the  Perpendicular,  will  be  at 

of  the  Depth  of  Water. 

3  f .  But  if  the  Medium  be  Glafs,  then  OE:  OM  :: 

3  :  2,  or  more  nearly  as  17  to  11  ;  fo  that  ij  OE~ 
O  M,  or  the  apparent  Place  of  an  Objed  feen  through 
ft  Medium  of  Glafs,  will  be  at  the  Diffance  of  ‘  j  of 
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The  feveral  Sorts  of  Rays,  after  they 
are  refracted,  appear  in  their  own  proper 

the  Thiclcnefs  of  the  Glafs  O  E.  In  Diamond,  it  would 
be  at  the  Depth  of  f  of  the  Thiclcnefs,  and  fo  on  for  all 
the  other  Bodies  mentioned  in  the  foregoing  Table. 

32.  On  the  other  Hand,  as  the  Point  C  recedes  from 
the  Point  O,  the  Angle  CEO  which  is  equal  to  the 
Angle  of  Incidence  EC  I),  becomes  greater,  and  there¬ 
fore-  alfo  the  Angle  of  Refra&ion  HCK,  or  the  re¬ 
fracted' Ray  HC  will  have  a  greater  Inclination  to  the 
horizontal  Line  A  B,  and  therefore  alio  CF  ;  on  which 
Account  *tis  evident  the  Diflance  of  the  apparent  Place 
of  the  ObjeCt,  viz.  the  Line  OM,  will  decreafe,  and 
of  Courfe  the  Object  will  feem  to  rife  in  the  Perpendi¬ 
cular.  And  when  the  Angle  CEO  is  fo  great,  that 
the  Ray  C  H  is  refracted  parallel  to  the  Horizon  or  be¬ 
comes  coincident  with  A  C,  then  C  M  will  become 
C  O,  and  the  Object  at  the  Bottom  at  E  wi.l  appear  on 
the  Surface  of  the  Medium  at  O. 

33.  In  this  Cafe,  if  the  Medium  be  Water,  we  have 
CFJ;  CO  a  4  :  3,  whence  we  {hall  find  OE  =  2,65 
nearly;  therefore  in  any  Veil'd,  whole  Width  is  2CO 
—  6,  and  Depth  O  E  =  2,65,  when  fill’d  with  Water, 
any  Object  placed  at  the  Bottom,  when  viewed  in  the 
Perpendicular,  will  appear  railed  from  L  to  M,  1  of  the 
Depth  ;  and  as  the  Eye  recedes  from  the  Perpendicular 
to  the  horizontal  Line  A  C,  the  Object  will  appear  to 
rife  fiom  M  to  the  Surface  of  the  Fluid  at  O  ;  all  which 
may  be  confirmed  by  pouring  Water  into  a  common 
Tea-Difli,  or  Bafon,  and  viewing  the  Flower,  &c. 
painted  at  the  Bottom. 

tq..  Hence  appears  theReafon  why  a  (Irait  Stick,  as 
NCE,  when  placed  with  one  Part  CE  in  Walter,  will 
always  appear  crooked,  vz.  in  the  form  NCM,  the 
Part  C  E  being  railed  by  Refraction  into  the  apparent 
Situation  CM;  and  the  Part  under  Water  will  always 
appear  fhorter,  for  E  C  will  be  contracted  into  C  M. 
All  which  is  known  by  common  Ext  erience. 

X  4 
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Colours  in  Order  as  follows,  viz.  Thofe 
which  are  leaft  refradled,  or  fall  neareft  the 

35.  Alfo,  fince  EM.  the  Differeuce  between  the  true 
and  apparent  Place  ot  Objects,  feen  through  a  Medium, 
is  always  greater  in  Proportion  to  the  Depth  O  E,  and 
the  Obliquity  of  the  Rays  refracted  to  the  Eye,  it  will 
follow,  that  any  circular  Body  immerfed  in  Water, 
in  a  Pofition  perpendicular  or  inclining  to  the  Horizon, 
will  fuffer  a  greater  Refraction  of  Rays  from  the  lower 
Parts,  than  from  thofe  above;  and  confequently  the 
Jowermoit  Semicircle  will  put  on  the  Appearance  of  a 
Semi-ellipfis ;  and  a]fo  the  upper  one,  but  not  fo  much 
fo,  the  Refraction  being  lefs  than  below.  The  Confe- 
quence  of  which  is,  that  the  Circle  thus  viewed  in  the 
Medium  will  appear  elliptical,  as  having  its  vertical  Di¬ 
ameter  Shortened  by  the  Refraction  ;  whereas  the  hori¬ 
zontal  Diameter  will  remain  of  the  fame  Length,  be¬ 
ing  only  raifed  apparently  above  its  real  Situation, 
whence  the  Reafon  of  the  Figure  of  the  horizontal  Sun 
and  Moon  above-mentioned. 

36.  From  what  has  been  faid,  ’tis  eafy  to  underftand, 
that  when  the  Ray  E  C  in  the  Medium  is  refracted  into 
the  Air  nearly  parallel  or  coincident  with  the  Horizon 
AC,  in  which  Cafe  (if  the  Medium  be  Water)  the 
Line  CE  =  AC  being  Radius,  we  have  the  following 
Analogy  ;  As  4  is  to  3,  fo  is  Radius  AC  or  CE  to 
the  Stne  of  the  Angle  of  Refraction  C  O  or  D  E;  which 
Angle  is  therefore  nearly  48°;  I  fay,  ’tis  eafy  to  under¬ 
stand,  that  if  the  Ray  of  Light  E  C  fall  on  the  Sur¬ 
face  of  the  Medium  with  a  greater  Obliquity  than  what 
is  here  Specified,  that  is,  fo  as  to  make  the  Ansje  ECD 
greater  than  48°,  the  Ray  will  be  wholly  reflected  back 
again  to  the  lower  Surface,  and  none  will  go  out  into 
the  Air  at  either  Surface  of  the  Medium. 

37.  Again,  if  the  Medium  be  Glafs,  fince  the  Sines 
of  incidence  and  Refraction  in  that  Cafe  are  as  1 1  to 
17,  the  Angle  ECD  will  be  about  41',  when  the  re¬ 
fracted  Ray  C  H  becomes  coincident  with  the  horizon¬ 
tal  Inne  AC;  aqd  therefore  when  the  Angle  is  greater^ 

Perpen- 
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Perpendicular  P  E,  are  Red,  and  make  the 
red  Part  of  the  SpeBrum  at  R ;  the  next 
are  the  Orange  at  O,  the  Yellow  at  Y,  the 
Green  at  G,  the  Blue  at  B,  the  Indigo  at  I, 
and  the  Violet  at  V :  And  thefe  Seven  are 
all  the  original  fimple  Colours  tn  Nature ; 
and  of  which,  by  various  Mixtures,  all 
others  are  compounded,  in  the  common 
Reflations  and  Refletions  from  natural 
Bodies.  (CXVIII.) 

the  Light  will  be  wholly  reflected  from  one  Surface  of 
the  Glafs  to  the  other;  and  never  let  out  into  the  Air; 
whence  it  follows,  that  though  the  Particles  of  Matter 
in  Bodies  be  in  themfelves  tranfparent,  yet  if  they  are 
fo  difpofed  one  among  another  as  to  reflect  the  Light 
very  obliquely,  ’tis  plain,  the  Light  in  fuch  a  cafe  will 
be  loft  by  various  Reflections  within  the  Body,  and 
thus  prove  a  Caufe  of  the  Body’s  Opacity. 

(CXVIII.)  i.  This  different  Refrangibility  of  the 
Sun’s  Light  proceeds  from  hence,  that  the  Particles  of 
Light  are  of  different  Degrees  of  Magnitude  ;  for  if 
any  Power  act  upon  a  Body,  fo  as  to  give  it  a  particu¬ 
lar  Determination  or  Direction  of  Motion,  that  Deter¬ 
mination  or  Direction  of  the  Body’s  Motion  will  always 
be  the  fame,  while  the  Energy  of  the  Power  and  the 
Quantity  of  Matter  remain  the  fame,  and  will  be  va¬ 
riable  in  Proportion  as  either  of  thefe  is  fo. 

2.  But  the  refracting  Power  of  the  Medium  will  be 
always  the  fame  while  it  is  homogeneous  or  all  of  one 
Sort  of  Matter,  therefore  when  a  Ray  of  Light  paffes 
through  a  Subftance  of  W ater,  Glafs,  Cryftal,  and 
a  different  Direction  of  Motion  is  thereby  communicated 
to  different  Parts  of  the  Ray,  it  follows, that  the  Particles 
which  conftitute  thofe  Rays,  which  have  a  different  Di¬ 
rection,  muff  be  among  themfelves  unequal  in  Quantity 

Since 
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Since  a  Lens  does,  in  the  manner  of  a 
Prifm,  more  or  lefs  feparate  the  Rays  of 


Ti  i$. 


of  Matter,  and  confequently  in  Bulk ;  and  fince  the 
Quantity  of  Motion  is  in  the  Ratio  of  the  Bulk  and 
Velocity,  (in  this  Cafe)  ’tis  plain,  the  greater  the  Ve¬ 
locity  is,  the  lefs  will  be  the  Bulk  ;  and  therefore  thofe 
Rays  of  Light  which  fuffer  the  greateft  Refraction  are 
lefs  in  Bulk  or  Magnitude  than  others  whch  are  not  fo 
much  refracted,  the  greater  Particles  being  not  fo  much 
fubject  to  the  Power  of  the  Glafs  ;  as  a  large  Needle  is 
not  fo  eallly  moved  by  a  Loadffone,  nor  at  fo  great  a 
Diftance. 

3.  This  being  the  Cafe,  ’tis  eafy  to  be  underffood, 
that  when  a  Beam  of  Light,  as  H  F,  is  let  into  a  dark 
Room,  through  a  Hole  in  the  Window-Shutter,  and  is 
made  to  fall  on  a  Prifm  AC  B  at  F,  it  will  be  attracted 
by  the  Surface  of  the  Glafs  at  F  in  a  perpendicular  Di¬ 
rection,  and  caufe  the  feveral  Particles  to  deviate  from 
their  right-lined  Courfe  to  T,  (which  they  before  had) 
and  decline  towards  the  Perpendicular^,  that  is,  to¬ 
wards  the  Parts  K  a  within  the  Glafs;  which  Deviation 
or  Refraction  will  be  greater  in  Proportion  as  the  Par¬ 
ticles  of  Light  are  fmaller. 

4.  Hence  the  feveral  Particles  of  Light  will  proceed 
from  the  Side  A  C  to  the  Side  D  C  indifferent  Direc¬ 
tions  ;  where,  when  they  arrive,  and  go  out  again  in- 

. to  the  Air,  they  will  be  again  affected  by  the  fame  at¬ 
tracting  Power  of  the  Glafs,  which  will  here  produce 
the  fame  Effect  as  before,  that  is,  it  will  caufe  each 
Sort  of  Ray  to  incline  towards  the  Side  of  the  Glafs, 
and  confequently  to  be  refracted  from  the  Directions  they 
Severally  had  in  the  Glafs,  and  from  the  Perpendicular 
P  E. 

5  Thus  thofe  Rays,  whofe  Particles  are  largeft, 
will  deviate  lead  from  the  Perpendicular,  and  will  there- 
f  re  go  to  R,  and  make  the  lowcft  Part  of  the  colour’d 
Speoh  um,  and  thefe  will  appear  of  a  Red  Colour.  The 
Particles  next  lels  in  Magnitude  will  be  fomewhat  more 
refracted,  and  will  go  to  O,  and  be  of  an  Orange  Co - 

Light 
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Light  paffing  through  it,  it  follows,  that 
all  the  leveral  Sorts  of  R.ays  will  have 

lour  ;  the  next  Size  lefs  will  be  ftill  more  refracted, 
and  appear  Yellow  at  Y,  and  thus  the  Refraction  will 
pn ceed  in  the  Green  at  G,  the  Blue  at  B,  the  Indigo 
at  I,  and  the  Violet-col .ured  Rays  at  V  ;  which  as  they 
are  molt  refracted,  are  thereby  proved  to  be  the  leaft 
of  all  in  Magnitude. 

6.  I  fhall  now  proceed  to  (hew,  fince  the  Sun’s 
Light  is  varioufly  refrangible,  what  the  particular  De¬ 
gree  of  Refraction  is  which  every  Species  of  Rays  un¬ 
dergoes,  and  the  Sines  of  thofe  Angles  refpetftively.  In 
older  to  this  it  muft  be  confidered,  that  the  Sine  of  In¬ 
cidence  is  the  fame  in  all  ;  and  that  when  the  Inci¬ 
dence  is  fuch  as  that  the  R.ay  F  K,  upon  the  firft  Re-  p]ate 
fradton,  {hall  pafs  in  the  Direction  parallel  to  the  upper  XXXVI. 
Side  of  the  Priftn  G  H,  the  Refractions  made  at  each  -  a 
Side  of  the  Prifm  are  equal,  and  equal  to  the  refraCting  ° 
Angle  of  the  Prifm  GDH;  all  which  is  evident  from 
what  was  demonflrated  in  Annot.  CXVI. 

7.  Alfo  it  is  known  by  Experience,  that  when  the 
Prifm  A  B  C  is  held  with  its  Axis  perpendicular  to  the 
Sun-Beam,  and  then  turned  round  upon  its  Axis,  the 
Image  or  coloured  Spefirurn  will  firft  defcend  to  a  cer¬ 
tain  Limit,  where  it  will  become  ftationary,  and  then 
afcend  to  the  fame  Place  as  at  firft  ;  whence  it  appears 
plain,  that  fince  the  Altitude  of  the  Image  above  the 
Place  where  the  Sun-Beam  would  fall,  were  the  Prifm 
away,  is  owing  to  the  Sum  of  the  Refractions  made  at 
each  Side  of  the  Prifm,  while  the  Image  defcends  the 
Sum  of  thefe  Refra&ions  decreafe,  and  when  the  Image 
afcends  the  faid  Sum  muft  increafe. 

8.  Confequently,  fince  the  Image  falls  twice  upon  the 
fame  Place  in  one  Rotation  of  the  Prifm,  there  are  two 
Pofitions  of  the  Prifm  wherein  the  Sum  of  the  Refrac¬ 
tions  at  its  Sides  2re  equal  ;  and  thefe  happen  when  the 
Angles  of  the  incident  Beam  HDL  and  O  D  L  are  pj^  • 
fuch  as  will  caufe  the  refradted  Parts  D  G  and  D  F  to  b'  J 
be  equally  inclined  to  the  Sides  of  the  Prifm,  but  con- 

their 
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their  proper  Focus's ,  or  be  convened  to  To 
many  different  Points  in  the  Axis  of  the 


trary  Ways;  that  is,  fo  as  to  make  the  Angle  D  G  B 
=  BDF,  and  G  D  B  =  D  F  B,  and  therefore  the 
Triangles  DBG  and  DBF  equi-angular.  For  in  the 
Pofnion  of  the  Ray  H  D  G  the  Refradiions  at  the 
Angles  D  and  G  are  refpedlively  equal  to  the  Angles 
E  and  D  in  the  other  Situation  of  the  Ray  ODE; 
and  therefore  the  Sum  of  the  Refractions  on  each  Side 
in  each  Cafe  muft  be  equal,  and  caufe  the  Image  to  ap¬ 
pear  twice  in  the  fame  Place. 

9.  While  the  unequal  Refradiions  at  each  Side  the 
Prifm,  at  D  and  G,  or  D  and  F,  are  approaching  to¬ 
wards  Equality,  the  refradted  Ray  D  G  or  D  F  is  con¬ 
tinually  approximating  to  the  Situation  D  E  ;  where 
when  it  arrives,  the  Angles  at  D  and  E  being  then 
equal,  the  Refradtions  at  each  Side  will  be  equal  alfo, 
and  the  Image  in  that  Cafe  be  brought  to  its  Limit  or 
lowed  Site.  Then  RD  will  be  the  incident  Ray,  and 
E  P  the  emergent  one. 

10.  Produce  RD  and  EP  till  they  interfedl  each  at 
I,  and  any  horizontal  Line  in  M  and  N ;  then  let  the 
Angle  R  M  N  be  the  Altitude  of  the  Sun,  and  PNM 
that  of  the  Spefirum  at  P  ;  which  Angles  are  eafily 
meafured  with  a  Quadrant.  Their  Sum  is  equal  to  the 
external  Angle  P  1  M,  which  is  again  equal  to  the  two 
internal  Angles  of  Refradfion  IDQ_and  IEQ;  and,  by 
whathas  beennow  fhewn,  IDQ=1EQ_— QDK  ;  where¬ 
fore  Q.D  K  =  D  B  K  =  i  N  +  M;  Hence  |  N+~M 
-f- 1  D  Q_c=  I  D  K  or  R  D  L,  the  Angle  of  Incidence. 

It.  We  fhall  give  Sir  lfaac  Newton  s  Example  in  this 
Affair.  The  refradling  Angle  of  his  Prifm  was  ABC 
—  62°  30',  the  Half  of  which  is  3 1 0  15',  whofe  Sine 
is  5188,  the  Radius  being  10000.  When  the  Spcftrum 
was  in  its  Limit,  or  ftationary,  he  obferved  with  a  Qua¬ 
drant  the  Angle  PN  M  of  a  mean  refrangible  Ray  EP, 
that  is,  of  one  that  went  to  the  Middle  of  the  colour’d 
Image  at  P;  and  by  adding  this  to  the  Angle  RMN 
of  the  Sun’s  Altitude  taken  at  the  fame  Time,  he  ob. 

Lens, 
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Lens,  and  not  all  to  one  Point  only,  as  is 
neceilary  for  a  perfedl  and  uniform  Repre- 

tained  the  Angle  P  I  M  to  be  440  40' ;  whofe  Half22'> 

20',  added  to^Half  the  Angle  of  Refraction  310  15% 
makes  the  Angle  of  Incidence  R  D  L  =  5  3*  35',  whofe 
Sine  is  8047.  The  Sine  of  Incidence,  therefore,  is  to 
the  Sine  of  RefraCtion  of  a  mean  refrangible  Ray,  or 
that  of  yellow  Light,  as  8047  to  5188,  which  is  as 
31  to  20.  (See  the  Table,  Annot.  CXVIL  24.) 

12.  If  there  were  but  one  Sort  of  Light,  it  then 
would  be  equally  refraCted,  and  the  Image  of  the  Sun 
would  net  then  be  long,  but  round  ;  and  if  the  Rays 
were  firft  received  by  a  Convex  Lens,  they  would  all 
pafs  to  its  Focus,  and  there  reprefent  the  Sun’s  Image 
very  diftin&ly  in  a  circular  Spot,  which  Image  would 
fubtend  the  fame  Angle  at  the  Lens  as  the  Sun  itfelf  does, 
or  half  a  Degree,  at  a  Mean.  All  this  will  be  demon- 
ftrated  hereafter. 

13.  If  thefe  Rays,  after  having  pafs’d  through  the 
Lens,  were  received  by  a  Prifm,  fince  the  Sum  of  Re- 
fraftions  at  the  Sides  of  the  Prifm  are  equal,  (as  we 
have  {hewn  they  are  when  the  Image  is  ilationary,  Art. 

8.)  the  Rays  will  have  the  fame  Inclination  to  each 
other  after"  Refra&ion  through  the  Prifm  as  before  ; 
whence  the  Angle  is  not  changed,  but  gives  the  Image 
of  the  Sun  ftill  equal  to  30'.  But  to  illuftrate  this,  let 
MN  be  the  Seftion  of  the  Window-Shutter  in  a  dark  piate 
Room,  in  which,  through  a  Hole  O,  a  Pencil  of  Rays  Xxxvn 
KOL  is  tranfmitted  to  the  Lens  K  L  ;  which  would  jrjg.  It 
converge  them  to  a  Focus  at  H,  were  they  not  inter¬ 
cepted  by  the*  Interpofition  of  the  Prifm  ABC,  by 
which  means  they  are  refracted  to  I.  And  fince  the 

Sum  of  the  Refra&ions  at  E  and  D  is  equal  to  that  at 
F  and  G,  the  Angle  F  I  G  will  be  equal  to  the  Angle 
F  HG  ;  and  if  the  Sun  were  but  a  Point,  its  Image  at 
H  and  I  would  be  a  Point  alfo. 

14.  But  fince  the  Sun  has  the  apparent  Magnitude  of  F;a  2< 
30',  let  the  Angle  M  QN  be  the  Angle  under  which  =* 
the  Sun  appears ;  that  is,  let  MQ.be  a  Ray  coming 

fentation 
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fentation  of  the  Image  of  any  Obje6t :  FtfT 
the  Red  Rays  proceeding  from  the  Object 

from  the  upper  Limb  of  the  Son,  and  N  Q_  another 
from  the  lower  Limb.  Thefe  eroding  each  other  in 
the  Center  of  the  Lens  K  L,  at  Q_,  make  the  Angle 
D  Q_E  zr  M  Q_N  ;  nor  is  this  Angle  altered  by  the 
Refractions  through  the  Prifm*  as  being  equal  on  each 
Side ;  therefore  the  Image  at  I  will  be  fubtended  under 
an  Angle  of  30  Minutes. 

15.  And  fince  this  will  be  the  Cafe  of  every  Sort  of 
Rays  contained  in  the  Sun’s  Light,  if  that  which  we 
have  been  confidering  be  a  mean  refrangible  Ray,  then 
the  lead  refrangible  Rays  will  form  an  Image  in  like 
manner  at  R,  the  mod  refrangible  Rays  another  at  P, 
and  the  intermediate  Rays  their  feveral  Images  reflec¬ 
tively.  So  that  the  coloured  Speilrum  P  R  confids  of 
as  many  circular  Areas  as  there  are  different  Sorts  of 
Rays ;  and  is  every  where  of  an  equal  Breadth,  viz. 
half  a  Degree. 

16.  Now  ’tis  evident,  that  if  the  Sun  be  fuppofed  a 
Point,  each  of  thofe  Circles,  being  the  Images  of  the 
Sun  and  fimilar  to  it,  mud  alfo  be  contracted  into  a 
Point,  and  fo  the  coloured  Spefintm  P  I  R  would  in  that 
Cafe  have  no  Breadth ;  and  its  Length  would  decreafe 
at  each  End  by  the  Semidiameter  of  the  Circle  P  and  R, 
and  therefore  would  fubtend  an  Angle  of  3c/  lefs  than  it 
now  does. 

17.  In  order  to  determine  the  Angles  of  Refraction 
of  the  lead  and  mod  refrangible  Rays,  .we  mud  firft 

Plate  determine  the  Angle  P I R,  which  the  Image  PR 
XXXVI.  fubtends  at  the  Didance  it  is  formed  from  the  Prifm 
Fig.  10.  ABC.  The  S  un  being  fuppofed  a  Point,  let  S  D  be 
the  Incident  Ray,  which  continue  out  to  V  ;  and  let 
L  D  K  be  perpendicular  to  the  Side  A  B  in  the  Point  of 
Incidence  D.  The  Ray  S  D  at  its  did  Redaction  is 
diffufed  through  the  Space  GDF  within  the  Prifm; 
D  G  is  the  lead  refrangible  Ray,  D  F  the  greated,  and 
D  E  (parallel  to  A  C)  the  mean  refrangible  R  y.  The 
Sine  of  the  Angle  of  mean  Refraction  EDKto  that 

3  will 
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will  be  converged  to  a  Focus  at  a  greater 
Diflance  from  the  Lens,  than  the  Indigo 

of  Incidence  I  13  K  has  been  already  (hewn  to  be  as 
5188  to  S047,  or  as  20  to  31* 

18.  We  are  now  to  find  the  Quantity  of  the  Angles 
GDK  and  F  D  K.  Since  each  Ray  will  fuffer  the 
fame  Degree  of  Refraction  at  the  fecond  Surface  as  at 
the  firft  very  nearly  ;  let  the  refracted  Rays  F  P,  ET, 
G  R,  be  produced,  and  they  will  interfe&  each  other 
in  the  Point  I,  making  I  F,  1  E,  1  G  feverally  very 
nearly  equal  to  D  I,  and  therefore  the  Angles  I  F  D  = 

I D  F,  and  I G  D  an  I  D  G  ;  therefore  PIV  =  2FDV, 
and  R1V  =  2GDV.  Hence  PIV  —  RIV  nPIIl 

—  2  F  D  V  —  2  G  D  V  ;  conlequently,  ’PIRa=FDV 

—  G  D  V  =  F  D  G. 

19.  The  Angle  P I  R  is  difeovered  by  meafuring  the 
Length  of  the  Image  P  R,  and  its  Diilance  from  the 
PrifmABC.  This  Sir  tfoac  New  tan  has  done  with 
great  ExaCtnefs.  The  refracting  Angle  of  his  Prilm 
was  ABC  =  62°  30',  the  Diftance  of  the  Speflrum 
18^  Feet,  the  Length  9  ?  or  10  Inches,  the  Breadth  2j 
Inches.  This  fubduCted  from  the  Length  leaves  7! 
for  the  Length  of  the  Image  were  the  Sun  but  a  Point, 
and  therefore  fubtends  the  Angle  which  the  mod  and 
leaft  refrangible  Rays  P  F  and  R  G  do  contain  with  one 
another  after  their  emergence  from  the  Prifm. 

20.  But  at  the  Diftance  of  18,5  Feet,  the  Length 
7I  Inches  is  the  Chord  of  an  Arch  equal  to  2  o'  7"  = 
PI  R  ;  therefore  i  P  1  R  =  FDG  —  x  o'  3J'';  whence 
£  D  G  (—  ;FDQ)  =  o;  30'  V  =  F  D  E.  But  the 
Angle  EDK=  DBK  =  3P  15'  o".  Wherefore 
E  D  K  -j-  E  D  G  G  3 1  45'  2'  =  G  D  K,  the  Angle 
of  Refradion  of  the  leaft  refrangible  Rays ;  and  EDIv 

—  EDF  —  30  4+'  58"  =  EDK,  the  Angle  of  Re- 
fraCtioh  of  the  moft  refrangible  Rays. 

2 f .  The  natural  Sine  of  310  45'  2"  is  5262,  (as  per 
Table,  Annot.  XLVI  J  abo  the  Sine  of  30  5^/  *s 

5112.  The  common  Sine  of  Incidence  being  1  D  K 
or  S  DL  53  35',  and  Sine  8047  ■,  this  compared 

or 
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or  Violet  Rays ;  and  To  the  Image  will  be 
coloured  and  confufed  in  every  Point  be- 
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with  the  Sines  of  Refraflion  of  the  moll,  mean,  and 
leaft  refrangible  Rays  will  Hand  as  follows. 

[The  mod  refrangible  Rays  F  D, 
as  8047  to  5 1 12. 

Themean  refrangibleRaysED, 
as  8047  to  5188. 

The  leaft  refrangible  Rays  G  D, 
as  8047  to  5262. 

22.  I  have  hitherto  confidered  the  Refraction  made 
out  of  Air  into  Glafs,  after  the  common  Way.  But 
as  Sir  Ijaac  Newton  has  proceeded  in  a  contrary  Me¬ 
thod,  and  ftated  the  Proportions  of  the  Sines  of  Re- 
fraCtion  (as  they  are  out  of  Glafs  into  Air)  to  the  com¬ 
mon  Sine  of  Incidence  in  Glafs,  I  (hall  for  the  future 
follow  his  Steps  ;  and  therefore  fuppofing  a  Beam  of 
common  Light  within  the  Prifm,  as  D  E,  fhall  conft- 
der  its  Refraction  into  the  Air  at  the  Side  B  C  in  the 
Point  E.  The  common  Sine  of  the  Angle  of  Incidence 
K  E  D  or  I  E  L,  =2  31 J  15',  was  found  to  be  5188  ; 
and  the  Angle  PER,  zr  1 1  o'  3;",  the  fame  as  before. 
Alfo  the  Angle  of  the  mean  refrangible  Rays  TEL 
being  530  35',  we  have  the  Angle  of  the  leaft  re¬ 
frangible  Rays  R  E  L  53^  4'  58",  and  the  Angle  of 
the  mod  refrangible  Rays  P  E  L  =  54"*  5' 2/'.  The 
Sines  of  thefe  Angles  are  7995  and  8099  ;  the  Sine  of 
Incidence,  therefore,  and  of  Refraction  into  Air,  in  the 
leaft  and  moft  refrangible  Rays,  are  in  the  leaft  round 
Numbers  as  50  to  77  and  78. 

23.  Now  if  you  fubduct  the  common  Sine  of  Inci¬ 
dence  50  from  the  Sines  of  Refraction  77  and  78,  the 
Remainders  27  and  28  fhew,  that  in  fmall  Refractions, 
the  Refractions  of  the  leaft  refrangible  Rays  is  to  that 
of  the  moft  refrangible  as  27  to  28  very  nearly;  and 
that  the  Difference  of  the  Refractions  of  the  leaft  and 
moft  refrangible  Rays  is  about  the  27^  Part  of  the  Re¬ 
fraction  of  the  mean  refrangible  Rays. 


tween 
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tween  thofe  Extremes,  except  juft  in  the 
middle  Point,  where  the  feveral  Sorts  of 

-  \ 

24.  Now  in  order  to  determne  the  Refrangibility  of  the 
feveral  in  termediateR  ays  of  Light,  S>\r  Jfaac  took  thefollow- 
ing  Method.  He  caufed  the  SpeflrumX.6  be  well  defined, 
and  delineated  upcn  Paper  its  Perimeter,  as  FAPGMT ; 
this  he  held  in  fuch  a  Manner,  that  the  Sped  rum  might 
fall  upon  and  exactly  agree  with  the  delineated  Figure  $ 
this  done,  an  Afliftant  drew  the  Lines  a  b,  c  d,  ef,  &c.  p]ate 
acrofs  the  Figure  very  nicely  upon  the  Confines  of  the  xxxvii. 
feveral  Colours,  that  is,  of  the  Red  Ma^F,  of  thejrj^ 
Grange  a  b  c  of  the  Yellow  cdef and  fo  of  the  ° 
reft  ;  which  Operation  being  divers  times  repeated,  he 
found  the  Obfervations  agreed  very  well,  and  that  the 
Divifions  made  by  the  Crcfs  Lines  were  thofe  of  a  Mu~ 
fical  Chord. 

29.  That  is,  if  G  M  be  produced  to  X,  fo  that  it 
be  G  M  =  M  X,  then  the  Line  X  M  a:  i  X  G  will  be 
the  ORave.  The  Line  a  X  :  X  G  ::  9  :  I- ;  therefore 
a  X  will  be  the  LeJJer  Seventh.  The  Line  cX  will  be  £  ^ 

of  X  G,  and  therefore  the  Sixth  Greater,  e  X  will  be 
*.  of  X  G,  which  is  the  Fifth.  g  X  is  J  of  X  G,  a 
Fourth,  r  X  is  4  of  X  G,  a  Third  Lcjfcr.  I  X  is  |  of 
X  G,  the  Se.  and  Greater.  So  nicely  has  Nature  ob- 
ferved  an  harmonical  Diftribution  of  Colours  in  the  Solar 
Sp  Strum. 

2 6.  If  then  the  Difference  between  the  Sines  of  77 
and  78  be  in  like  manner  divided,  that  is,  as  the  Line 
M  G  is  divided,  we  fhall  have  the  Sines  of  Refraction 
in  the  feveral  Red  Rays  extend  from  M  to  a ,  or  from 
'll  to  77l  >  thofe  °f  the  Orange  Colour  from  a  to  c,  or 
from  774  to  77 V  1  thofe  of  the  Yellow  from  77I  at  c , 
to  at  e\  thofe  of  the  Green  from  77  j  to  7,  J  at g; 
thofe  of  the  Blue  from  77 1  to  77!  at  i ;  thofe  of  the 
Indigo  from  77^  to  774  at  T}  and  from  thence  the  Vi¬ 
olet  to  78  at  G. 

27.  This  Difcovery  of  the  Harmonic  Proportion  of 
Colours  in  the  Sun’s  Light  has  fuggefted  the  curious 
Hint  or  Idea  of  a  Vifual  Mufic  by  means  of  an  Ocular 

Yol.  II.  Y  Rays 
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Rays  all  interfedt  each  other,  and  exhibit 
the  Image  tolerably  diftindt  and  colour- 
lefs.  To  this  different  Refrangibility  of 
the  Rays  is  owing  the  Imperfection  of 
the  common  ref  raffing  Telefcope,  as  will 
be  but  too  eafy  to  experiment. 

Hence  alio  Objects  of  any  of  the  fimple 
Colours,  though  contiguous  to  each  other, 
yet,  if  viewed  through  a  Prifm,  appear 
feparated,  and  at  a  diftance  from  one  ano- 
ther :  And  thofe  ObjeCts  will  have  their 
Images  formed  by  a  Lens  at  very  different 
Diffances  in  its  Axis,  efpecially  in  Expe¬ 
riments  of  the  deepeff  Red ,  and  Violet,  or 
Blue  Colours  j  as  a  Card  painted  half  with 
Carmine ,  and  half  with  Ultramarine ,  made 
deeper  with  a  little  Indigo.  (CXIX.) 

Harpfichord ,  which  fhal!  entertain  the  Eye  with  the  Suc- 
ceffion  of  harmonic  Colours,  as  the  common  Harpfichord 
does  the  Ear  with  mufical  Sounds.  Yea,  fome  have 
carried  this  Matter  fo  far,  as  actually  to  attempt  the 
making  of  fuch  a  Harpfichord,  with  full  AlTurance  of 
being  able  to  play  Tunes  to  the  Eyes.  It  were  greatly 
to  be  wilhed  this  Chromatic  Mufic  could  be  made  as 
effectual  to  give  Pleafure  to  our  Eyes,  as  common  Mu¬ 
fic  does  to  the  Ears.  We  fhould  then  have  Harmony 
the  Subject  of  two  of  our  Senfes :  And  who  can  tell 
but  we  may  have  mufical  Eyes ,  as  well  as  mufical  Ears , 
could  they  be  exercifed  by  proper  Objects?  Nay,  who 
can  tell  what  may  be  the  Confequence  of  this  Difcovery 
in  regard  of  our  other  Senfes  in  the  Ages  to  come  ? 
They  who  would  be  farther  amufed  with  this  chime¬ 
rical  Subject  may  confult  Voltaire  s  Philofophy  and  Al~ 
garotti  on  Light  and  Colours. 

Sir 
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Sir  Ifaac Newto?i  found}  by  a  very  curious 
and  convincing  Experiment,  that  the  Rays 

(CXIX.)  r.  Let  D  E  K I  be  a  double  Convex  Lens,  Plate 
N  its  Center,  and  ND  the  Radius  of  Convexity  at  D  ;  xxxvm 
F  V  its  Axis,  and  H  E  a  Beam  of  the  Sun’s  Light  inci-  J'jo-.  4, 
dent  on  the  Lens  parallel  to  its  Axis  in  the  Point  F.  ° 

Let  ABC  be  a  Prifm  touching  the  Lens  in  the  Points 
E  and  D,  and  it  is  evident  the  Law  and  Manner  of  Re¬ 
fraction  of  the  Beam  at  E  will  be  the  fame,  whether 
we  conhder  it  as  made  through  the  f.  lid  Glafs  Prifm 
ABC,  or  through  the  Lens  D  E  K,  becaufe  the  Point 
of  Incidence  E  is  the  fame  in  or  common  to  them  both. 

■  2.  The  Beam  being  refraCted  at  D,  it  is  plain  the 
RefraClton  will  be  there  alfo  made  into  the  Air  in  the 
fame  Manner  from  the  Lens  as  from  the  Prifm,  fuppof- 
ing  them  to  touch  in  the  Point  D.  Let  N  D  be  con¬ 
tinued  to  L,  thfen  will  L  D  be  perpendicular  to  the 
Lens  in  D  ;  and  the  RefraCtion  being  made  into  the 
Air,  (a  rarer  Medium)  the  refraCted  Rays  will  tend  to¬ 
wards  the  Axis,  and  meet  it  fooner  or  later  as  they  are 
more  or  lefs  refrangible.  Thus  the  mod  refrangible 
Rays  D  W  will  cut  the  Axis  in  G,  the  leaf!  refrangible 
Rays  D  T  in  Q_,  and  the  mean  refrangible  Rays  in  0; 
and  the  others  in  the  intermediate  Space  between  O  and 
G,  and  O  and  The  fame  is  to  be  uhderftood  of 
the  Beam  IK  on  the  other  Side  the  Axis. 

3,  Hence  we  fee,  that  in  the  Axis  of  the  Lens  the 
Images  of  an  ObjeCI  will  be  formed  in  feveral  Parts 
from  G  to  Qj  by  which  means  the  ObjeCI  will  appear 
Red  at  G,  Violet-colour  d  at  Q_,  and  of  other  Hue's  in 
the  Parts  between.  Nor  are  we  to  underhand  that 
feven  Images  only  are  formed  by  the  feven  Sorts  of 
Rays ;  but  each  particular  Sort  of  Ray,  according  to 
the  Intenfity  of  the  Colour,  from  the  dronged  to  the 
faintdf  Part,  confifts-  of  an  indefinite  Number  of  diffe¬ 
rently  refrangible  Rays,  each  of  which  will  form  an 
Image  of  the  ObjeCI  in  its  proper  Focus :  And  there¬ 
fore  we  may  conceive  as  many  Images  formed  in  the 
Space  from  G  to  Q_,  as  there  are  Points  in  the  Line  GQ. 

Y  2  of 
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of  Light  were  as  varioufly  reflexible  as  re¬ 
frangible  ;  and  that  thofe  which  were  molt 

I 

4.  The  Objefr  feen  by  fuch  a  Refra&ion  of  Rays, 
in  fuch  an  Infinity  of  Images,  muft  neceflarily  appear 
very  indiftincft,  confufed,  coloured,  and  obfcure  ;  and  the 
Object- Glafs  of  every  common  Dioptric  Telefcope  be¬ 
ing  of  this  Sort,  is  the  Occafion  why  they  will  not  bear 
an  Eye  Glafs  of  fo  deep  a  Charge,  or  fo  Ihort  a  focal 
Diftance  as  is  requifite  for  great  Degrees  of  magnifying. 
This  put  Sir  Ifaac  upon  inventing  another  Sort  of  Tele¬ 
fcope  by  Reflection,  of  which  we  fhall  fpeak  largely 
hereafter. 

5.  Suppofe  D  E  parallel  to  the  Axis  of  the  Lens, 
and  produced  to  Z  ;  then  is  ZDL~  E  D  N  the  Angle 
of  Incidence,  and  PDL,  O  D  L,  M  D  L,  the  Angles 
of  Refraction  in  the  leaft,  mean,  and  moil  refrangible 
Rays  ;  and  confequently  the  Angles  Z  D  P,  ZDO, 
and  ZDM  will  ftiew  the  Quantity  of  Deviation  or 
refpective  Refraction  of  thofe  Rays  from  the  firft  Direc¬ 
tion  E  Z.  Whence  Z  P  :  Z  M  ::  27  :  28  ;  and  Z  P  : 


zo 


271. 


Alfo  PM  =  — -  Z  O,  the  whole 
.27- 

Refraction  of  the  mean  refrangible  Rays. 

6.  But  the  Angle  ZDP  =  D  QX,  and  Z  D  O  — 
DOX,  and  Z  D  M  =  D  G  X.  Now  the  Sines  of  the 
Angles  D  QX,  and  DOX  or  DO  Q_,  are  as  their 
oppofite  Sides  O  D  and  QD,  that  is,  neatly  as  X  O 
and  X  Q.  For  the  fameReafon  the  Sines  of  the  Angles 
DOX  and  D  G  X  are  nearly  as  G  X  and  OX.  Where¬ 
fore  Z  P,  Z  O,  Z  M,  are  as  G  X,  O  X,  and  Q_X  ; 
whence  P  M  :  Z  M  QG  :  QX  ;  therefore  G  Q_— 

Q.X.  But  Q^O  is  nearly  equal  to  O  G,  when  t^X 
is  very  great;  and  Q^O  :  Q_X  ::  PM  :DY  ::  1  :  y , 
becaufe  Q_X  =  28  G  Q_,  or  56  Q^O. 

7.  Or  thus  more  accurately,  without  regard  to  the 
focal  Diftance  Q_X  or  O  X.  Let  1,  L,  G,  be  as  the 
Sines  of  Incidence,  and  of  the  leaft  and  greateft  Refrac¬ 
tion,  or  as  the  Numbers  5c,  77,  78;  (S zt  Anmtat. 


Of  Light  and  Colours. 

or  leaft  refrangible  were  alfo  moft  or  lead 
reflexible :  And  farther,  that  Rays  of  Light 


CXVII.  22.)  then  will  ZP  =  L  —  I,ZM  =  G  —  I, 
and  P  M  =  G  —  L  ;  whence  PM:ZP::G— -L: 

L  —  I ;  and  doubling  the  Confequents,  we  have  PM  : 
aZP(=DY-PM)  ::G-L:2L-2l.  Then 
conjointly,  PM  :  DY  ::G  —  L:G  +  L  —  2  I  ::  78 
—  77  :  78  +  77—  100  ::  1  :  55  J  °r  P  M  =  A  D  Y, 
the  Aperture  of  the  Glafs. 

8.  From  hence  it  appears,  that  the  Ratio  between 
P  M  and  D  Y  is  conftant,  or  always  the  fame,  what¬ 
ever  be  the  focal  Diftance  of  the  Lens.  It  is  alfo  very 
evident,  that  P  M  is  the  Diameter  of  a  Circle,  in  which 
will  be  a  Mixture  of  every  Sort  of  Rays)  from  the  leaft 
to  the  moft  refrangible.  This  Circle  therefore  is  that 
in  which  the  Light  is  white,  or  not  tinctured  with  the 
Colour  of  any  particular  Sort  of  Rays ;  for  the  Rays 
being  here  promifcuoufly  thrown  together,  the  Light 
compounded  of  them  mull  be  nearly  the  fame  with  that 
of  the  Beam  before  Refraction. 

9.  By  the  fame  Rule  we  may  find  the  Diameter  of 
the  leaft  Circle  that  receives  the  Rays  of  any  fingle  Co¬ 
lour,  or  of  any  contiguous  Colours.  Thus  all  the  Yel¬ 
low  is  contained  in  a  Circle  whofe  Diameter  is  a  409th 
Part  of  the  Breadth  of  the  Aperture  of  the  Glafs,  (which 
we  fuppofe  a  Plano-Convex ,  becaufe  of  D  E  parallel  to 
the  Axis)  for  in  this  Cafe  G  ar  77I,  L  =  77  and 
J  =  50.  (See  Annot.  CXVlI.  2T)  Whence  by  the 
Analogy  we  have  P  M  :  D  Y  ::  G  —  L  :  G  -f-  L  — > 
2 1  ::  o,  1 33  :  54,533  ::  I  :  409-  Thus  for  two  con¬ 
tiguous  Colours,  the  Orange  and  Yell w  ;  the  Sines  on 
each  Side  being  77’,  77)-,  give  the  Diameter  of  the 
Circle  in  which  both  thefe  coloured  Rays  are  contain’d, 
a  260th  Part  of  D  Y. 

10.  From  hence  it  is  plain,  that  when  the  Sun’s  Rays 
are  received  upon  a  large  and  very  convex  Lens,  the 
conic  Superficies  of  the  converging  Rays  D  P  M  Y  will 
confift  of  the  the  Red-colour’d  Rays ;  and  if  received 
on  a  white  Paper,  held  perpendicular  to  the  Axis,  the 
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were  not  refloated  by  impinging  on  the 
foiid  Parts  or  Corpufcles  of  Bodies,  and 

Circumference  of  the  circular  Section  or  Area  will  be 
remarkably  tinged  with  a  reddifh  Colour  inclining  to 
Orange,'  by  the  Ip9.fi:  refrangible  Rays  D  P  and  Y  M. 
©n  the  contrary,  tire  diverging  Rays  will,  in  the  conic 
Svrfacp  R  P  U  W,  have  all  the  Violet  and  Indigo  Rays 
N  P  R  and  M  W,  and  will  therefore  exhibit  fuch  a 
colour’d  Circle  about  the  Light  received  on  the  Paper 
held  any  where  in  that. Cone  of  Rays. 

it.  Pince  G  is  the  Focus  of  Violet  Rays,  that  is  the 
Place  where  any  Body  of  a  Violet  Colour  will  be  feen 
diftincrly,  becaufe  the  Rays  of  that  Kind,  palling  from 
that  . Point  to  the  Lens,  will  after  Refraction  pafs  paral¬ 
lel  to  the  Eye;  which  is  a  Condition  abfolutely  necef- 
fary  to  diftinct  Vifion.  as  will  appear  hereafter.  For 
the  fame  Reafon  Q_will  be  the  Focus  or  Place  where 
Qbje<?ts  of  a  red  Colour  will  be  mod  diftinctly  feen. 
Whence  it  appears,  that  in  viewing  Objects  through 
Glafles  (as '  Spectacles  for  Inftance)  the  Diftance  of  the 
G! afs  from.t-he  Object  will  be  variable  according  to  its 
different’  Colour. 

12.  Hence  a  various-colour’d  Object  ABEF  will 
have  its  Image  foimed  in  Parts  by  the  Lens  HI.  Thus 
lu ppofe  A  B C  D  he  a  Rea  Part,  and  DCEF  a  deep 
Blue;  if  this  Object  be  well  illumined,  and  black 
Threads  or  Silks  laid  acrofs  thofe  Colours,  they  will 
appear  diftinctly  in  their  refpective  Focus’s,  viz.  the  red 
Part  AB  QD  will  have  its  Image  dilbinctly  formed  at 
K,  and  the  blup  J  art  at  L  ;  the  former  will  be  repre¬ 
sented  by  a  be  P,  the  latter  by  dcef\  and  thefe  Images 
will  be  at  very  different  Diftances  from  the  Lens.  Thus 
if  the  Lens  Hi  be  of  3  Feet  focal,  Diftance ,  and  the 
Object  be  placed  at  the  Diftance  of  6  Feet  from  it,  the 
Jm  ages  oh  the  other  Side,  at  the  Diftance  of  6  Feet, 
will  be  formed  ere  Inch  and  a  half  from  each  other; 
that  is,  the  Red  at  K  will  be  1  i  Inch  beyond  the  Blue 

ft  L. 
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rebounding  from  thence  like  a  7" 'ennis-Ball , 
but  from  fome  other  Principle  depending 

13.  Another  Confequence  of  this  different  Refran- 
gibiiity  of  the  Rays  of  Light  is,  that  if  two  Objects 
of  different  Colours,  as  Red  and  Blue ,  be  view’d  thro’ 
a  Prifm ,  they  will  be  refracted  to  different  Heights ; 
and  though  ithey  were  contiguous  before,  or  Parts  of 
one  and  the  fame  Objett,  yet  will  they  appear  feparate,  or 
as  two  diftintt  and  dijlant  Objetts.  Thus  fuppofe  D  H  E I  PLte 
be  an  Object  whofe  Part  DG  is  intenfely  bue,  and  theXXXVI1, 
other  Part  F  E  intenfely  red ;  if  this  be  viewed  by  a  Fig- 6. 
Prifm  B  A  C  b  a  c,  with  the  refracting  Angle  or  Edge 
A  a  upwards  and  parallel  to  the  Horizon  and  the  Sides 
DI  and  HE  of  the  Object,  the  Image  of  this  Object 
will  appear  at  d  e,  with  the  blue  Part  d  g  refracted  higher 
than  the  red  f  e.  On  the  contrary,  if  the  refracting 
Angle  of  the  Prifm  be  turned  downwards,  the  Image 
will  be  refracted  downwards  to  d e,  the  blue  Part  lower 
to  d  gy  and  the  red  higher  at  f  e. 

14.  We  alfo  fee  the  Reafon  why  Objects  appear  dif¬ 
ferently  coloured  when  the  Eye  is  held  near  the  Prifm, 
as  at  D,  to  view  them,  viz.  becaufe  the  Rays  of  every 
Colour  are  there  fo  very  near  together,  that  they  can  be 
all  received  by  the  Pupil  of  the  Eye,  and  will  therefore 
paint  the  Image  in  all  its  proper  Colours  on  the  Retina. 
Whereas  if  the  Eye  be  removed  to  a  greater  Diftance 
from  the  Prifm,  as  to  a,  b,  c  ;  there,  becaufe  the  Rays 
fpread  through  fo  wide  a  Space,  but  few  can  enter  the 
Pupil,  perhaps  only  one  particular  Sort,  and  then  the 
Object  will  appear  of  that  particular  Colour  only  ;  as 
Violet-colour' d  at  tf,  Green  or  Yellow  at  b,  and  Red  at  c. 

15.  The  Rays  of  the  Sun’s  Light,  once  refracted.  Fig. 
undergo  no  farther  Refraction  by  a  Second  Prifm,  and  of 
courfe  exhibit  no  otherColours :  For  let  an  Holebe'made 
at  g  in  the  Board  d  e,  on  which  the  coloured  Spedirum 
is  made  in  the  dark  Room,  by  Rays  which  come  thro’ 
a  Hole  G  in  a  Board  D  E  placed  juft  before  the  Prifm 
ABC;  by  turning  the  Prifm  ABC  flowly  about  its 
Axis,  the  Image  will  be  made  to. move  up  and  down 
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on  the  Size  of  the  Particles  of  Light,  and 
the  Thicknefs  or  Denhty  of  the  Particles 
of  the  Body  reflecting  it,  which  are  all 
of  them,  in  the  moft  opake  Bodies,  tranL 
paient  in  tnenifelves,  as  is  ealy  to  be  fhewn 
in  the  thin  Lamella  or  Plates,  of  which  an 
Oyfler-Shell  doth  confift. 

It  will  be  thought  very  flrange  to  aflert, 
that  a  rare  Medium  is  more  impervious  to 
the  R.ays  of  Light  than  a  denfer  one;  and 
yet  nothing  is  more  certain,  or  eafier  proved 
by  Experiment :  For  Example,  a  Beam  of 
Light  is  much  more  copioufly  reflected  from 

on  the  Board  d e,  by  which  means  each  colour’d  Ray 
wi'J  pafs  fingly  through  the  Hole  g  fucceflively ;  and  if 
thefe  Rays  be  refra&ed  a  fecond  time  through  the  Prifm 
ab  c  placed  juft  behind  the  Hole  g,  they  will  go  from 
thence  to  the  oppofite  Wall  at  M  or  N,  and  there  ap¬ 
pear  juft  as  before  in  their  proper  fim pie  Colour  ;  the 
Blue  will  appear  Bit  e,  the  Red  will  be  ftill  Red ,  and 
the  Vio’et  the  fame  Violet  as  before. 

if.  But  though  the  Rays  are  not  any  farther  refran¬ 
gible  by  the  fecond  Prifm  a  be,  yet  it  appears  that  thole 
Rays  which  were  leaft  and  moft  refrangible  by  the  firft 
Prifm  are  likewife  fo  by  the  fecond;  for  the  Boards  DE 
and  d  e  being  fixed,  caufe  the  Incidence  of  Light  on 
the  fecond  Prifm  to  be  always  the  fame:  Yet  by  mov¬ 
ing  the  firft  Prifm  ABC  about  its  Axis,  the  Red  Light 
would  go  by  a  fecond  Refraflion  to  M,  but  the  Violt 
Light  would  go  higher  to  N.  Which  plainly  and  un¬ 
deniably  fbews  that  fome  Sort  of  Rays  will  always  be 
more  reiradfed,  and  ar..  therefore  more  refrangible  than 
others.  And  hence  this  decifive  Experiment  has  gain’ej 
the  Title  of  Expermqntum  Cruris, 
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the  fecond  Surface  of  a  Piece  of  Glafs 
when  contiguous  to  the  Air>  than  when 
it  touches  Water  j  and  ftill  more,  if  con¬ 
tiguous  to  Water,  than  when  it  is  conti¬ 
guous  to  Glafs ;  in  which  Cafe  the  Rays 
are  totally  tranimitted. 

Hence,  wonderful  as  it  may  feem,  ’tis 
neceffary,  in  order  that  a  Body  may  be 
tranfparent,  that  its  Subftance  fhould  be 
very  denfe,  and  its  Pores  very  fmall ;  and 
that  Opacity  refults  chiefly  from  the  Large- 
nefs  of  the  Pores  of  a  Body,  occafioned  by 
its  Particles  touching  in  but  very  few  Points : 
Becaufe,  if  the  Pores  of  fuch  a  Body  be 
fill’d  with  a  Subftance  nearly  of  the  fame 
Denfity,  it  becomes  in  fome  Degree  tranf¬ 
parent,  as  Paper  'wetted  with  Water  or  Oil  • 

And  on  the  contrary,  Water  blown  up  into 
fmall  Bubbles  has  its  Denfity  diminifhed, 
and  its  Porofity  increafed,  and  thus  be¬ 
comes  opake  (CXX.) 

(CXX.)  i.  The  fame  great  Author  of  the  Doctrine 
of  the  different  Refrangibility  of  the  Sun’s  Rays,  (as 
delivered  in  the  laft  Ann.tation)  found  alfo  by  other 
Experiments,  that  they  were  in  the  fame  Manner  diffe¬ 
rently  re  flexible  j  or  that  thofe  Rays  which  were  leaft 
and  moft  refrangible  were  alfo  leaft  and  moft  reflexible. 

This  he  proved  in  the  following  Manner. 

2.  From  a  Hole  F  in  the  Window- Shutter  E  G,  a  plate 
Beam  of  the  Sun’s  Light  F  M  pafs’d  to  the  Bafe  B  C  xxxvn. 
t>f  a  Frifm  ABC,  whofe  Angles  B  and  C  were  equal  Fig.  8. 

If 
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If  the  Objedt-Glafs  of  a  large  TelefcopS 
be  laid  with  its  convex  Surface  on  a  plain 

and  half  right  ones,  and  the'Angle  A  a  right  one.  The 
Light  was  firft  refradled  at  M  into  the  diverging  Beam 
MGH,  of  which  M  G  was  the  leaft  refrangible  Part, 
and  M  H  that  which  was  moll  fo,  M  N  is  the  Light 
reflected  from  the  Bafe  through  the  other  Side  to  a  Se¬ 
cond  Prifm  VX  Y,  by  which  the  reflected  Beam  is 
refradled  to  t  and  p  ;  N  t  being  the  lefs,  and  N  p  the 
more  refradled  Part. 

3.  When  the  firft  Prifm  A  B  C  i$  turned  about  its 
Axis  according  to  the  Order  of  the  Letters  ABC,  the 
Rays  M  H  emerge  more  and  more  obliquely  out  of  the 
Prifm,  till  at  length  they  become 'reflected  towards  N. 
And  it  was  evidently  obferved,  that  as  the  Prifm  ABC 
■was  flovvly  moved  about  its  Axis,  all  the  Rays  from 
M  H  to  M  G  became  fucceffively  refledled  towards  N. 

•  4..  The  Confequence  of  this  was,  that  the  Violet 

Colour  p  received  an  Addition  to  its  Strength  and  Bright- 
nefs  upon  the  firft  Refledlion  of  the  Rays  M  H,  beyond 
any  of  the  other  Colours  towards  t ;  but  as  the  Priffri 
ABC  continued  its  Motion,  and  the  other  Ray  be¬ 
tween  H  and  G  became  refledled,  fo  the  other  Colours 
from  p  to  t  became  more  intenfe  and  vivid,  one  after 
another,  by  the  new  Acceffion  of  Light  to  the  Beam 
JV1  N. 

5.  In  this  Experiment  no  Notice  has  been  taken  of 
any  Refradlion  made  at  the  Sides  of  the  firft  Prifm 
ABC,  becaufe  the  Experiment  was  made  in  fuch 
Circum fiances  that  the  Beam  F  M  enters  it  perpendi¬ 
cularly  at  the  firft  Side  A  C,  and  goes  out  fo  at  the  le- 
cond  A  B  ;  and  therefore  can  fufi'er  no  Refradlion,  or 
fo  little  that  the  Angles  of  Incidence  at  the  Bafe  are  not 
fenfibly  altered  by  it.  In  order  to  this,  the  Angle  FMC 
fhculd  be  about  45  Degrees;  and  then  a  fmall  Mofion 
ot  the  Prifm,  to  make  the  Angle  F  M  C  aa  490,  will 
caufe  the  Beam  F  M  to  begin  its  Refradlion.  Or  if  the 
Angles  B  and  C  were  each  cf  them  41  the  Sun-Beam 
F  M  making  an  Angle  FMC;  490  will  begin 

Clafs* 
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Glafs,  the  Light  falling  on  the  thin  Por¬ 
tion  or  Plate  of  Air  contained  between 


to  be  reflected  at  the  fame  Time  that  it  contains  a  Right 
Angle  with  the  Side  A  C  (by  Amot.  CXVli.  37.) 

■  6.  The  Reafoiv  of  the. different  Reflexibility  of  the 
Rays  of  Light  is  the  fame  as  was  before  alligned  for 
their  different  Reftangibility,  viz.  the  different  Sizes  or 
Magnitudes  of  tiff  feveral  Rays  ;  for  when  the  refracted 
Beam  MGH  approaches  very  near  the  Bafe  of  the 
Rrifm  B  C,  the  attracting  Power  of  the  faid  Bafe  will 
fooner  affeCt  the  Particles  of  a  leffer  Size  than  thofe  of 
a  larger,  even  though  they  were  at  an  equal  Diftance 
from  it ;  and  therefore  the  mod  refrangible  Rays  M  H 
will  be  firft  within  the  reflexive  Power  of  the  Surface 
P  C,  on  account  of  the  greater  Tenuity  of  its  Particles, 
as  well  as  on  account  of  its  greater  Proximity  than  the 
other  Rays  MG;  on  both  which  Accounts  therefore 
the  Ray  H  M  will  be  firft  and  moft  eafily  refraCted. 

7.  Now  though  in  Refra&ion  the  Sine  of  the  Angle 
of  Incidence  is  different  from  the  Sine  of  the  Angle  of 
Reflation,  on  account  of  a  fmaller  Particle  being  at¬ 
tracted  more  out  of  its  Way  towards  the  Perpendicular 
than  a  larger  one,  whereby  a  Separation  of  the  Rays  is 
produced ;  yet  becaufe  in  Reflections  every  Particle 
whether  great  or  fmall  muft  necefiarily  be  reflected 
under  an  Angle  equal  to  that  of  Incidence,  it  follows, 
that  all  the  Rays  after  Reflection  will  have  the  ftme  In¬ 
clination  to  each  other  as  before,  and  fo  no  Separation 
can  be  made  among  them,  and  confequently  no  dif¬ 
ferent  colour’d  Light  will  be  produced  by  a  total  Reflec¬ 
tion  of  the  Sun’s  Rays. 

8.  What  has  been  laid  of  the  Manner  in  which  Light 
js  reflected  is  in  the  grofs  only,  and  true  but  in  part  > 
for  though  in  Reflections  the  Angle  of  Incidence  be  ever 
equal  to  the  Angle  of  Reflection,  yet  the  Reflection  of 
the  Particles  of  Light  is  not  made  by  their  impinging 
on  the  folid  or  impervious  Parts  of  Bodies,  as  is  com¬ 
monly  believed.  This  our  great  Author  proves  by  the 
following  Reafons. 

the 
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the  Glades  will  be,  at  feveral  Didances 
from  the  Centre,  alternately  tranfmitted 

g.  Firjfy  That  in  the  Paflage  of  Light  out  of  Glafs 
into  Air,  there  is  a  Reflection  as  flrong  as  jn  its  Paflage 
out  of  Air  into  Glafs,  or  rather  a  little  ftronger,  and 
by  many  Degrees  ftronger  than  in  its  Paflage  out  of 
Glafs  into  Water.  And  it  feems  not  probable  that  Air 
(hould  have  more  ftrongly  reflecting  Parts  than  Water 
or  Glafs :  But  if  that  Ihould  be  fuppofed,  it  will  avail 
nothing  j  for  the  Reflection  is  as  ftrong  or  ftronger  when 
the  Air  is  drawn  away  from  the  Glafs  by  an  Air-Pump, 
as  when  it  is  adjacent  to  it. 

10.  Secondly ,  If  Light  in  its  Paflage  out  of  Glafs 
into  Air  be  incident  more  obliquely  than  at  an  Angle  of 
40  or  41  Degrees,  it  tVwholly  reflected  ;  if  lefs  oblique¬ 
ly,  it  is  in  a  great  Meafure  tranfmitted.  Now  it  is  net 
to  be  imagined  that  Light  at  one  Degree  of  Obliquity 
fhould  meet  with  Pores  enough  in  the  Air  to  tranfmit 
the  greater  Part  of  it,  and  at  another  Degree  of  Obli¬ 
quity  fhould  meet  with  nothing  but  Parts  to  reflect  it 
wholly  ;  efpecially  confidering,  that  in  its  Paflage  out 
of  Air  into  Glafs,  how  oblique  foever  be  its  Incidence, 
it  finds  Pores  enough  in  the  Glafs  to  tranfmit  a  great 
Part  of  it. 

11.  If  any  Man  fuppofe  that  it  is  not  reflected  by 
the  Air,  but  by  the  outmoft  fuperficial  Parts  of  the 
Glafs,  there  is  frill  the  fame  Difficulty  ;  befides  that 
fuch  a  Suppofition  is  unintelligible,  and  will  alfo  appear 
to  be  falfe  by  appl)  ing  Water  behind  fome  Part  of  the 
Glafs  inftead  of  Air  :  For  fo  in  a  convenient  Obliquity 
of  the  Rays,  as  of  45  or  46  Degrees,  (at  which  they 
are  all  reflected  where  the  Air  is  adjacent  to  the  Glafs) 
they  fliall  be  in  great  meafure  tranfmitted  where  the 
Water  is  adjacent  to  it  j  which  argues  that  their  Re¬ 
flection  or  Tranfmiffion  depends  on  the  Conftitution  of 
the  Air  and  Water  behind  the  Glafs,  and  not  on  the 
firiking  of  the  Rays  on  the  Parts  of  the  Glafs. 

17,.  Thirdly ,  If  the  Colours  made  by  a  Prifm  placed 
at  the  Entrance  of  a  Beam  of  Light  into  a  darken’d 

and 
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and  reflected.  In  the  Centre  of  the  Lens, 
where  it  touches  the  Glafs,  it  will  be  tranf- 

r  * 

Room  be  fucceflively  caft  upon  a  fecond  Prifm  placed 
at  a  greater  Diftance  from  the  former,  in  fuch  a  man¬ 
ner  that  they  are  all  alike  incident  upon  it,  (as  they  will 
be  when  trajedled  through  the  Holes  G  and  g  in  the 
two  Boards  mention’d  in  Art.  15.  of  the  laft  Note) 
the  fecond  Prifm  may  be  fo  inclined  to  the  incident  Rays, 
that  thofe  which  are  of  a  Blue  Colour  (hall  be  all  re¬ 
flected  by  it,  and  yet  thofe  of  a  Red  Colour  pretty  co- 
pioufly  tranfmitted.  Now  if  the  Reflection  be  caufed  by 
the  Farts  of  Air  or  Glafs,  I  would  afk  why,  at  the  fame 
Obliquity  of  Incidence,  the  Blue  (hould  wholly  impinge 
on  thofe  Parts  fo  as  to  be  all  reflected,  and  yet  the  Red 
find  Pores  enough  to  be  in  a  great  meafure  tranfmitted  t 

13.  Fourthly ,  Where  two  GlalTes  touch  one  another, 
there  is  no  fenfible  Reflection,  (as  will  be  {hewn  Ann  /„ 
CXXI.  7.)  yet  I  fee  no  Reafon  why  the  Rays  (hould 
not  impinge  on  the  Parts  of  Glafs  as  much  when  con¬ 
tiguous  to  other  Glafs,  as  when  contiguous  to  Air. 

14.  Fifthly ,  When  the  Top  of  a  W  ater-Bubble,  (as 
will  be  (hewn  Annot.  CXXI.  24.)  by  the  continual  fub- 
fiding  and  exhaling  of  the  Water,  grows  very  thin, 
there  is  fuch  a  little  and  almoft  infenfible  Quantity  of 
Light  reflected  back  from  it,  that  it  appears  intenfely 
bl  °ck  ;  whereas  round  about  the  black  Spot,  where  the 
Water  is  thicker,  the  Reflection  is  fo  ftrong  as  to  make 
the  WT ater  feem  very  white.  Nor  is  it  only  at  the  lead 
Thicknefs  of  thin  Plates  or  Bubbles  that  there  is  no 
manifeft  Reflection,  but  at  many  other  Thicknefles  con¬ 
tinually  greater  and  greater.  And  yet  in  the  Superficies 
of  the  thinned  Body,  where  it  is  of  any  one  Thick¬ 
nefs,  and  the  Rays  are  tranfmitted,  there  are  as  many 
Parts  for  them  to  impinge  on,  as  where  it  is  of  any 
ether  Th  k  tefs  where  the  Rays  are  reflected. 

j  15.  Si<M  ,  If  Reflection  were  caufed  by  the  Parts 
cf  refl- dt  1  g  Bodies,  it  would  be  impoffible  for  thin 
Plates  or  Bubbles  at  one  and  the  fame  Place  to  refledt  the 
Rays  of  one  Colour,  and  tranfmit  thofe  of  another,  as 

.  minted, 
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mitted,  and  fo  caufe  a  dark  Spot  to  appear  : 
At  a  fmall  Diflance  from  thence,  all  a- 

1S  known  by  Experiment  they  do  :  For  it  is  not  to  be 
imagined,  that  at  one  Place  the  Rays,  which,  for  In- 
fiance,  exhibit  a  Blae  Colour,  fhould  have  the  Fortune 
to  dafh  upon  the  Parts,  ,  and  thofe  which  exhibit  a  Red 
to  hit  upon  the  Pores  of  the  Body  and  then  at  another 
Place,  where  the  Body  is  a  little  thicker  or  a  little 
thinner,  that  (on  the  contrary)  the  Blue  fhould  hit 
upon  its  Pores ,  and  the  Red  upon  its  Parts . 

1 6,  Seventhly,  and  laflly,  Were  the  Rays  of  Light 
refledled  by  impinging  on  the  folid  Parts  of  Bodies, 
their  Reflections  from  polifhed  Bodies  could  not  be  fo 
regular  as  they  are  :  For  in  polifhing  Glafs  with  Sand, 
Putty,  or  Tripoli ,  it  is  not  to  be  imagined  that  thofe 
Subftances  can,  by  grating  and  fretting  the  Glafs,  bring 
all  its  leaf!  Particles  to  an  accurate  Polifh,  fo  that  all 
their  Surfaces  fhall  be  truly  plain  or  truly  fpherical,  and 
look  all  the  fame  Way,  fo  as  together  to  compofe  one 
even  Surface.  The  fmal-ler  the  Particles  of  thofe  Sub¬ 
fiances  are,  the  fmaller  will  be  the  Scratches  by  which 
they  continually  fret  and  wear  away  the  Glafs  until  it 
be  polifhed  ;  but  be  they  never  fo  fmall,  they  can  wear 
away  the  Glafs  no  otherwife  than  by  grating  and  fcratch- 
ing  it,  and  breaking  the  Protuberances,  and  therefore 
polifh  it  no  otherwife  than  by  bringing  its  Roughnefs 
to  a  very  fine  Grain,  fo  that  the  Scratches  and  Frettings 
of  the  Surface  become  too  fmall  to  be  vifible.'  And 
therefore  if  Light  were  reflected  by  impinging  on  the 
folid  Parts  of  Glafs,  it  would  be  fcattered  as  much  by 
the  mofl  polifhed  Glafs  as  by  the  rougheft.  So  then  it 
remains  a  Problem,  How  Glafs  pelijked  by  fretting  Sub- 
fiances  can  ref  e Si  Light  fo  regularly  as  it  dees  ? 

17.  And  this  Problem  is  fcarce  otherwife  to  be  folved 
than  by  faying,  That  the  RfeStion  of  the  Ray  is  effcBed, 
ntt  by  a  Jingle  Point  of  the  rcfleSiing  Body ,  but  Ly  Jomt 
Power  of  the  Body  which  is  evenly  diffa, fed  over  all  its 
Surface ,  and  by  which  it  aSis  upon  the  Ray ,  without  im¬ 
mediate  Con'.aSi.  For  that  the  Parts  of  Bodies  do  a  cl 

round, 
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round,  the  Light  will  be  reflected  in  va- 
rious-colour’d  Rings :  In  the  next  Didance 

upon  Light  at  a  Diftance,  has  been  already  obferved, 
and  may  be  feen  more  at  large  in  the  Third  Part  of 
our  Author’s  admirable  Treatife  of  Optics. 

18.  Now  (continues  Sir  Ifaac)  if  Light  be  reflected, 
not  by  impinging  on  the  folid  Parts  of  Bodies,  but  by 
fome  other  Principle,  it  is  probable  that  as  many  of  its 
Rays  as  impinge  on  the  folid  Parts  of  Bodies  are  not 
refleXed,  but  ftifled  and  loft  in  the  Bodies ;  for  other- 
wife  we  muft  allow  two  Sorts  of  Reflexions.  Should 
all  the  Rays  be  refleXed  which  impinge  on  the  internal 
Parts  of  clear  Water  or  Cryftal,  thofe  Subftances  would 
rather  have  a  cloudy  Colour  than  a  clear  Tranfpa* 
rency. 

19.  Concerning  this  Power,  by  which  Light  is  re¬ 
fleXed  and  refraXed,  Sir  Ifaac  underftands  it  to  be  of  an 
attraXive  and  repulfive  Nature;  for  he  reafons  thus  ; 
Since  Metals  difl'olved  in  Acids^ttraX  but  a  fmall  Quan¬ 
tity  of  the  Acid,  their  attraXive  Force  can  reach  to  but 
a  fmall  Diftance  from  them.  And  as  in  Algelra,  where 
Affirmative  Quantities  vanifti  and  ceafe,  there  Negative 
ones  begin ;  fo  in  Mechanics,  where  AttraXion  ceales, 
there  a  repulfive  Virtue  ought  to  take  place. 

20.  And  that  there  is  fuch  a  Virtue  feems  to  follow, 
(1.)  From  the  RefleXions  and  Inflexions  of  Light,  as 
before  obferved.  (2.)  From  the  Emiffion  of  Light; 
the  Ray,  fo  foon  as  it  is  Ihaken  off  from  the  Ihinintr 
Body  by  the  vibrating  Motion  of  the  Parts  of  the  Body, 
and  gets  beyond  the  Reach  of  AttraXion,  being  driven 
away  with  exceeding  great  Velocity.  For  that  Force 
which  is  fufficient  to  turn  it  back  in  RefleXion  may  be 
fufficient  to  emit  it.  (3.)  It  feems  alfo  to  follow  from, 
the  ProduXion  of  Air  and  Vapours;  the  Particles  whe$ 
they  are  Ihaken  off  from  Bodies  by  Heat  or  Fermenta^ 
tion,  fo  foon  as  they  are  beyond  the  Reach  of  the  At¬ 
traXion  of  the  Body,  receding  from  it,  and  from  one 
another,  with  great  Strength,  and  keeping  at  a  diftance, 
fo  as  fometimes.  to  take  up  a  Million  of  times  more 
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it  will  be  tranfmitted,  and  in  the  next  to 
that  reflected  j  and  fo  on  alternately  to  a 
confiderable  Diftance  from  the  central  Spot. 
If  we  take  the  Diftances  as  the  Numbers 
o,  i,  2,  3,  4,  5,  6,  7,  8,  9,  io,  &c.  then  at 
the  Diftance  o,  2,  4,  6,  8,  10,  &c.  the  Light 
will  be  tranfmitted ;  and  at  the  Diftances 
i>.  3,  5>  7>  9>  &c‘  ^  will  be  refleded  in 
coloured  Rings :  And  this  alternate  Difpo- 
fltion  of  Light  to  be  refleded  and  tranf¬ 
mitted,  Sir  lfaac  calls  the  Fits  of  eafy  Re¬ 
flexion,  and  Fits  of  eafy  Tranfmiflion  (CXXI.) 

Space  than  they  did  before  in  the  Form  of  a  denfe 
Body.  » 

21.  To  this  repulfive  Power  he  afcribes  th z  Refla¬ 
tion  of  Ray.',  and  to  the  attradive  Power  the  Refradiiony 
as  has  been  before  defcribed.  But  how  the  Light  is  partly 
refleded  and  partly  refraded  at  the  Surfaces  of  Bodies, 
and  what  Phenomena  do  thence  arife,  we  fihall  fhew 
from  the  fame  illuftrious  Author  in  the  following  An - 
notation. 

(CXXI.)  1.  Concerning  the  particular  Manner  in  which 
Light  is  refleded  from  natural  Bodies,  whether  it  be  by 
a  repulfive  Power  before  it  arrives  at  the  Surface,  or 
by  an  undulating  Virtue  every  where  diffufed  over  the 
Surface,  and  caufing  a  Refledion  by  the  rifing  Wave, 
and  a  Tranfmiflion  by  the  fubfiding  Wave;  or  laftly, 
whether  the  Refledion  be  occafloned  by  the  Vibrations 
of  the  Parts  of  Bodies,  or  the  Mediums  next  the  re- 
fleding  or  refrading  Surfaces,  it  will  not  be  worth 
while  here  to  fpend  Time  in  examining,  fince  Sir  lfaac 
Newton  has  confefs’d  himfelf  unable  to  determine  the 
Modus  aoendi,  which  nature  makes  ufe  of  in  this  Affair. 

2.  Nor  is  his  Dodrine  of  the  Fits  of  eaf  Refection 
and  eaf  Tranfn  ffon  to  be  elleemed  a  meer  Hypothecs, 
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As  Light,  falling  upon  this  thin  Plate 
of  Air  between  the  Glalfes,  is  varioufly  dif- 

or  fo  much  chgg’d  with  Suppoftions,  as  to  be  diflonant 
from  that  Simplicity,  Uniformity  and  Regularity,  with 
which  Nature  is  every  where  obferved  to  act ;  fince  no¬ 
thing  can  be  more  certain  than  that  Light  is  at  one 
Diftance  reflected,  at  another  refradted,  and  that  this 
is  by  a  continual  Alternation  at  exceeding  fmall  Inter-  ' 
vals  through  the  Subftance  of  various  Media  or  Bodies; 
and  the  Experiments  which  he  made  were  many,  and 
mod  convincing  Proofs  of  the  Thing. 

3.  And  his  Vibrations  in  the  Parts  of  Bodies,  and 
the  elaftic  Medium  which  every  where  furrounds  them, 
arifing  from  thence,  is  very  confonant  to  the  Procefs  of 
Nature,  in  propagating  founds  by  the  Undulations  of 
the  Air  arifing  from  the  Vibration  of  the  Parts  of  Bo¬ 
dies  agitated  by  Percuffion.  Nature  in#each  Cafe  feems 
very  confiftent  with  her  felf,  and  to  act  with  a  won¬ 
derful  Uniformity,  and  equal  Simplicity.  Nor  can  I 
fee  any  Reafon  to  hope  for  (much  iefs  to  promife)  a  So¬ 
lution  of  this  Phaenomenon  from  the  ambigeneous  Prin¬ 
ciple  of  Attraction,  whofe  Action  is  well  known  to  be 
always  the  fame  to  a  certain  Diftance  or  Limit  one 
Way,  and  beyond  that  as  conftantly  the  reverfe ;  fuch  a 
Circumftance  little  favours  the  Prediction  of  an  eafy 
and  fimple  Solution.  See  Row 'ling’s  Compendious  Ssftcm, 
Part  III.  pag.  167. 

4.  I  fhall  therefore  proceed  to  give  an  Idea  of  one  of 
the  mod  beautiful,  delicate,  and  importing  Difcoveries 
that  was  ever  made;  and  that  as  nearly  as  may  be  af¬ 
ter  the  Manner,  and  in  the  Words  of  the  Author,  by 
the  Experiments  which  he  made,  and  his  Obfervations 
and  Reafonings  thereupon. 

5.  The  firft  Experiment  he  mentions  is  the  Com- 
prellion  of  two  Prifms  hard  together,  whofe  Sides  were 
a  little  convex,  by  which  Means  they  touched  by  a 
fmall  Part  of  their  Surfaces,  and  contain’d  every  where 
elfe  a  thin  Plate  of  Air,  as  it  may  be  properly  call’d, 
whofe  Thicknefs  did  every  where  gradually  increafe 
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pofed  to  be  refleBed  or  tranfmitted ,  accord¬ 
ing  to  the  feveral  Degrees  of  Thicknefs; 

from  the  touching  Parts.  He  obferved  the  Place  where 
they  touched  became  abfolutely  tranfparent,  as  if  they 
had  there  been  one  continued  Piece  of  Glafs. 

6.  For  when  the  Light  fell  fo  obliquely  on  the  Plate 
of  Air  between  the  Prifrns  as  to  be  all  reflected,  it  feem’d 
in  that  Place  of  Contact  to  be  wholly  tranfmitted,  info- 
much,  that  when  Lotted  upon,  it  appeared  like  a  black 
or  dark  Spot,  by  reafon  that  little  or  no  fenfible  Light 
was  reflected  from  thence,  as  from  other  Places. 

7.  Wl  en  he  looked  through  the  Prifrns,  this  Place  of 
Contact  feemed  (as  it  were)  a  Hole  in  the  Plate  of  Air, 
and  through  this  Hole  Objects  that  were  bevond  might 
t>e  feen  diflinctly,  which  could  not  be  feen  through 
other  Parts  of  the  Glafles  where  the  Air  was  interjacent. 
By  harder  Compreflion,  the  Spot  was  dilated  by  the  yield¬ 
ing  inwards  of  the  Parts  of  the  Glafles. 

8.  When  the  Plate  of  Air,  by  turning  the  Prifrns 
about  their  common  Axis,  became  fo  little  inclined  to 
the  incident  Rays,  that  fome  of  them  began  to  be  tranf¬ 
mitted,  there  arofe  in  it  many  flender  colour’d  Arches, 
which  at  firfl:  were  flraped  almofl  like  the  Conchoid, 

Plate  as  in  Fig.  1.  and  by  continuing  the  Motion  of  the 
xxxviii.  Prifrns,  thefe  Arches  increafed  and  bended  more  and 
Pig.  1.  more  about  the  Paid  tranfparent  Spot,  till  they  were 
compleated  into  Circles  or  Rings  encompaffing  it ;  and 
afterwards  continually  grew  more  and  more  contradfed. 

9.  Thefe  Arches  and  Rings  became  tinged  with  va¬ 
rious  Colours,  as  the  Motion  of  the  Prifrns  was  conti¬ 
nued,  being  at  firfl  of  a  Violet  and  Blue  \  afterwards  of 
a  White,  Blue ,  Biolet ;  Black ,  Red,  Orange ,  Tellui, 
White ,  Blue,  Violet ,  &c.  After  this,  the  colour’d  Rings 
contradfed,  and  became  only  black  and  white :  The 
Prifrns  being  farther  moved  about,  the  Colours  all  be¬ 
gan  to  emerge  out  of  the  Whitenefs,  and  in  a  contrary 
Urder  to  what  they  had  before. 

10.  But  to  obferve  more  nicely  the  Order  of  ti  e 
Colours  which  arofe  out  of  the  white  Circles,  as 
.the  Rays  became  lefs  and  lefs  inclined  to  the  Plate 

fo 


Of  Light  and  Colours.  339 

fo  when  it  falls  on  the  Surface  of  natural 
Bodies,  it  is  as  variously  reflected  from  the 


of  Air,  Sir  Ifnac  Neu/lon  made  ufe  of  two  Objeff-Glaffes, 
one  a  Plano-Convex,  and  the  other  a  Double-Convex, 
of  the  fame  Sphericity  on  both  Sides,  of  51  Foot  focal 
Difiance;  and  upon  this  he  laid  the  plane  Side  of  the 
other,  preffing  them  {lowly  together  to  make  the  Co¬ 
lours  fucceffively  emerge  in  the  Middle  of  the  Circles, 
and  then  {lowly  lifted  the  upper  Glafs  from  the  lower 
to  make  them  fucceffively  vanilh  again  in  the  fame 


Place. 


IX.  Upon-Compreffion  of  the  Glaffes,  various  Co¬ 
lours  would  emerge  and  fpread  into  concentric  Circles 
or  Rings  of  different  Breadths  and  Tints  encompaffing 
the  central  Spot.  Their  Form,  when  the  Glaffes  were 
inoft  compreffed,  is  delineated  in  the  2d  Figur-e,  where 
a  is  the  central  black  Spot,  and  the  Circuits  of  Colours 
from  thence  outwards  as  follows. 


Fig.  2. 


Greenifh  Blue. 


t,  Red. 

(  y,  Greenilh  Blue. 

'  l  z,  Reddilh  White. 


j  u,  Greenifti  Blue. 
{  x,  Pale  Red. 


12.  To  determine  the  Thicknefs  of  the  Plate  of  Air, 
where  each  of  the  Colours  was  produced,  he  meafured 
the  Diameter  of  the  firft  fix  Rings  at  the  moll  lucid 
Part  of  their  Orbits,  and  fquaring  them  found  thofe 
Squares  to  be  in  the  Arithmetical  Progreffion  of  the  odd 
Numbers  1,  3,  5,  7,  9,  1 1  i  and  fince  one  of  thofe 
Glaffes  was  plane,  and  the  other  fpherical,  their  Inter¬ 
vals  at  thofe  Rings  muff  be  in  the  fame  Progreffion. 
Alfo  he  meafured  the  Diameters  of  the  dark  or  faint 
Rings  between  the  more  lucid  Colours,  and  found  their 
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Pores  of  Air  of  different  Thickneffes  in 
thofe  Bodies;  and  according  to  the  diffe- 


Squares  to  be  in  the  Arithmetical  Progreffion  of  the 
even  Numbers  2,  4,  6,  8,  10,  12. 

1  3.  All  this  follows  from  the  Nature  of  the  Circle  ;■ 
for  let  the  Circle  E  F  G  be  the  Se£tion  of  the  Sphere 
whofe  Convexity  is  equal  to  that  of  the  Double-Con¬ 
vex  above-mentioned,  and  the  Line  A  B  a  Se&ion  of 
the  plane  Surface  of  the  Plano-Convex  touching  the  other 
in  the  Point  D  ;  then  fuppofing  D  e,  D /,  the  Semidi¬ 
ameters  of  two  Rings,  the  Thicknefs  of  the  Air  be¬ 
tween  the  Glafles  at  thofe  Rings  will  be  e  c  and  / d, 
which  are  equal  to  D  a  and  D  b  refpedtively.  If  there¬ 
fore,  as  ufual,  we  put  D  G  —  a,  D  a  —  x,  D  b  =  X, 
a  c—  (D  e  —)  y,  and  bd  =  (Of—)  Y  ;  then  by  the 
Property  of  the  Circle  we  have  yy  —  ax —  x  x,  and 
YY  =ijX  —  XX;  and  therefore  y*  :  Yl  ::  a  x  — 

:  a  X  —  X  X  ::  a;  :  - - —  X  X.  But  when  a  or  D  2  is 

a  —  x 

very  great  with  refpeci  to  x  and  X,  or  Da,  D  b ,  then 


G  "  X 

■ - -  cr  i  nearly;  confequently,  in  the  prefent  Cafe 

G  — —  -A. 

y%  :  Y1  ::  x  :  X  ;  or  the  Squares  of  the  Semidiameters 
of  the  Rings  D  e,  Df,  are  as  the  Intervals  e  c,  f  d,  or 
Thickneffes  of  the  Plates  of  Air  in  thofe  Places  ;  and 
therefore  the  Squares  of  the  whole  Diameters  are  in  the 
fame  Ratio. 

14.  Sir  Ifaac  meafured  the  Diameter  of  the  5th  dark 
Circle,  (fuppofe  2  Of)  and  found  it  equal  to  {  of  an 
Inch  ;  but  then  viewing  it  through  a  Glafsd  of  an  Inch 
thick,  and  nearly  in  the  Perpendicular,  it  mull:  by  Re- 
fra&ion  appear  diminilhed  nearly  in  the  Proportion  of 

79  to  80  ;  fo  that,  As  78  :  80  ::  ^  :  —  —  2O  f  the  real 

g 

Diameter  between  the  Glaffes.  Whence  Of— — , 

79 

and  in  this  Experiment  D  G  =  182  Inches,  we  have 
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rent  Texture  of  Bodies,  and  Magnitude  of 
the  Particles  of  Light,  it  will  be  either 

D  G  :  b  f  D  f)  ::  bf :  D  b  —  f  d ;  or,  in  Numbers, 


As  182  :  — 
79 


8  *8 


32 


100 


or 


—  f  d\  and 


79  5 6793 1  1 7747  84 

fince  the  Thicknefs  of  the  Air  at  the  5  th  Ring  is  to 
that  at  the  firft  as  10  to  2,  or  5  to  1,  (by  Art.  12.) 

therefore  I  of - —rr  —  rns - Part  an  Inch,  for 

5  i774784.  88739 

the  Thicknefs  of  the  Air  at  the  firft  dark  Ring. 

15.  By  another  Object-Glafs  (of  a  Sphere  whofe  Di¬ 
ameter  D  G  =  184.  Inches)  he  found  the  Dimenfton  or 

Thicknefs  of  Air  at  the  fame  dark  Circle  to  be-— 1 — 

80850 

Part  of  an  Inch  :  But  the  Eye  in  both  thefe  Obfervati- 
ons  was  not  quite  perpendicularly  over  the  Glafs,  and 
the  Rays  were  inclined  to  the  Glafs  in  an  Angle  of  4 
Degrees ;  therefore  (as  per  next  Article)  had  the  Rays 
been  perpendicular  to  the  Glalfes,  the  Thicknefs  of  the 
Air  at  thefe  Rings  would  have  been  lefs,  and  that  in 
Proportion  of  the  Radius  tcCoo  to  the  Secant  of  4  De¬ 
grees  10024.  The  Thicknefles  found  dimini.'bed  in  this 

Ratio  will  be  ^ - -  and  ,7—7—,  or  in  the  neareft  round 
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88952  89063’ 

Part  of  an  Inch.  Now  half  of  this,  viz. 


89000 

-,  is  the  Thicknefs  of  the  firft  colour’d  Ring  ; 

?  7 


178000 

and  of  the  reft  as  follows, 


178000’  178000’  178000’ 
4  6 

EsV.  are  the 


tAc.  And  — 5 - ,  - — 0 - ,  — o - 

178000  178000  178000 

Thicknefles  at  the  feveral  dark  Rings. 

16.  The  Rings  were  obferved  to  be  leaft  when  the 
Eye  was  held  perpendicularly  over  the  Glafies  in  the 
Axis  of  the  Rings  ;  and  when  they  were  view’d  oblique¬ 
ly,  they  became  bigger  continually,  fvvelling  as  the  Lye 

Z  3  tranfmitted. 
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tranfmitted  wholly  or  in  part  j  and  that 
which  is  reflected  will  be  all  of  one  Sort  of 

was  removed  farther  from  the  Axis.  And  by  meafur- 
ing  the  Diameters  of  the  fame  Circle  at  feveral  Obli¬ 
quities  of  the  Eye,  and  by  fome  other  Methods,  Sir 
jfaac  found  its  Diameter,  and  confequently  the  Thick- 
nefs  of  the  Air  at  its  Periphery  in  all  thofe  Obliquities, 
to  be  very  nearly  in  the  Proportions  exprefled  in  the 
following  Table;  where  the  fiift  Column  exprefles  the 
Angles  of  incidence  which  the  Rays  of  Light  make  with 
the  Perpendicular  in  the  Glafs  ;  the  fecond  Column  ex- 
preiTes  the  Angle  of  Refraction  into  the  Plate  of  Air ;  the 
third  Column  thews  the  Diameter  of  any  coloured  Ring 
at  thofe  Obliquities  exprefTed  in  Parts,  of  which  ten  con- 
ffitute  the  Diameter  when  the  Rays  are  perpendicular ; 
and  the  fourth  Column  thews  the  Thicknefs  of  the  Air 
at  the  Periphery  of  that  Ring  exprefled  in  Parts,  of 
which  the  Diameter  confifts  of  ten  alfo  when  the  Rays 
are  perpendicular. 


Angle  of  Inci¬ 
dence  on  the 
Plate  of  Air. 

Ang  e 
fr.  £li 

tbtPl. 

/  Re- 

on  into 
of  Air. 

Diameter 
of  the 
Ring. 

T bicknejs 
of  the 
Air. 

Deg. 

oo 

Min. 

00 

Deg. 

OO 
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26 
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OO 
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40 

1 1 

90 

OO 

33 
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1 8.  By  looking  throdgh  the  two  contiguous  ObjeCt - 
Glafles  or  Prifms,  it  was  obferved  that  the  Rings  of 
Colours  appeared  as  well  by  tranfmitted  as  by  reflected 

j Rays, 
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Rays,  or  of  federal  Sorts  promifcuoufly  and 


unequally ,  or  of  all  Sorts  equally.  Whence 

Light.  The  central  Spot  now  became  white  and  tranf- 
parent.  The  Order  of  the  Colours  was  lellowifh  Red ; 

Black ,  Violet ,  Blue ,  White ,  Yellow ,  Violet ,  Blue , 

Green ,  Yelow,  Stc.  as  they  are  written  in  the  4th  pja£e 

Figure  below,  thofc  above  being  the  Colours  by  Reflec- 
tion  ;  AB  and  CD  being  the  Surfaces  of  the  Glafles  p. 
contiguous  at  E,  with  Lines  between  fhewing  the  In- 
tervals  or  Thickneffes  of  Air  in  Arithmetical  Progref- 
Con.  Where  comparing  the  Colours,  you  obferve  that 
White  is  oppofite  to  Black,  Red  to  Blue,  Yellow  to 
Violet,  Green  to  Red,  &c.  in  refleded  and  refraded 
Light  :  But  the  Colours  by  refraded  Light  were  very 
faint  and  dilated,  except  when  viewed  very  obliquely, 
for  then  they  became  pretty  vivid. 

19.  By  wetting  the  GlafTes  round  their  Edges,  the 
Water  crept  in  (lowly  between  them,  and  the  Circles 
thereby  became  lefs,  and  the  Colours  more  faint.  Their 
Diameters  being  meafured  were  found  in  Proportion  to 
thofe  of  the  Rings  made  in  Air  as  7  to  8,  and  therefore 
the  Thicknefs  of  Air  at  like  Circles  as  7  X  7  =  49  to 
3  X  8  =  64,  or  as  3  to  4  very  nearly,  which  is  the  Ratio 
of  the  Sines  of  Incidence  and  Refradion  out  of  Water 
into  Air.  And  this  perhaps  (fays  Sir  lfaac)  may  be  a 
o-eneral  Rule  for  any  other  Medium  interceding  the 
GlafTes  more  or  lefs  denfe  than  Water. 

20.  The  coloured  Rings  made  in  Air  became  mi  ch 
more  diftind,  and  vifible  to  a  far  greater  Number,  when 
viewed  in  a  dark  Room  by  the  Refledion  of  the  colour’d 
Light  of  the  Prifm.  The  Rings  made  by  Refledion 
of  Red  Light  were  manifefily  bigger  than  thofe  made 
by  the  Blue  and  Violet ;  and  it  was  very  pleafant  to  fee 
them  gradually  fwell  and  contrad  according  as  the  Co¬ 
lour  of  the  Light  was  changed.  The  Motion  was 
ouickeft  in  the  Red ,  and  flowed  in  the  Violet  ;  and  by 
an  Ellimatiori  made  of  the  Diameters  of  the  Rings,  the 
Thickneflfes  of  Air  in  the  Places  where  the  Rings  are 
made  by  the  Limits  of  the  (even  Colours,  Red ,  Oran  e , 
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it  will  follow,  (i.)  If  the  Light  be  wholly 
tranfmitted,  the  Body  will  appear  black , 


Yellow,  Green,  B  it?,  Indigo,  Violet ,  fucceflively  in  Or¬ 
der,  were  to  one  another  as  the  Cube  Roots  of  the 
Squares  of  the  8  Lengths  of  a  Chord  which  found  the 
Notes  of  an  Octave,  that  is,  of  the  Numbers  i  *  * 

^  2  1  Q  I  1  9’  41 

+>  T»  5 5  ~y,  I- 

21.  Thefe  Rings  were  not  of  various  Colours,  as 
thofe  made  in  the  open  Air,  but  appeared  all  over  of 
that  Prifmatic  Colour  only  with  which  it  was  illumin’d  ; 
and  by  throwing  the  colour’d  Light  dire&ly  on  the 
GlafTes,  that  which  fell  on  the  dark  Spaces  between  the 
Rings  was  tranfmitted  through  the  Glafles  without  any 
Variation  of  Colour.  This  appeared  by  placing  a  white 
Paper  behind,  on  which  the  Rings  were  painted  of  the 
fame  Colour  as .  thofe  by  refle&ed  Light,  and  of  the 
Bignefs  of  their  immediate  Spaces. 

22.  Hence  the  Origin  of  thefe  Rings  is  mariifeft  ; 
namely,  that  the  Air  between  the  GlafTes,  according  to 
its  various  Thicknefs,  is  difpofed  in  fome  Places  to  re- 
fledf,  in  others  to  tranfmit  the  Light  of  any  one  Co¬ 
lour  ;  and  in  the  fame  Place  to  reflect  that  of  one  Co¬ 
lour,  where  it  tranfmits  that  of  another  ;  in  the  Manner 
as  you  fee  reprefented  in  the  5th  Figure  :  Where  A  B, 
C  D,  are  the  GlafTes,  as  before  ;  and  a,  c,  e ,  g,  i,  l,  n,  p, 
the  Parts  of  the  Beam  tranfmitted;  and  b,  d,f,  h,  k, 
ni,  0,  the  Parts  of  the  Beam  reflected,  making  the  co¬ 
lour’d  Rings. 

23.  The  Squares  of  the  Diameters  of  thefe  Rings 
made  by  any  Prifmatic  Colour,  and  confequently  the 
rl  hicknelTes  of  the  Air  at  each,  w'ere  in  Arithmetical 
Progrefiioti,  as  in  the  Rings  of  common  Light;  and 
the  Dimenfion  of  the  Rings  made  by  Yellow  Light  the 
fame  as  fpecificd  in  Artie 'e  14.  Thefe  Obfervations 
were  made  with  a  rarer  thin  Medium  terminated  by  a 
denfer,  viz  Air  and  Water  between  GlafTes.  In  thofe 
which  follow  are  fet  down  the  Phsenomena  of  a  denfer 
Medium  thinn’d  within  a  rarer,  as  Plates  of  MuJ'covy 

which 
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which  is  the  Abfence  of  all  colour  d  Light, 
(2.)  If  the  Light  remedied  from  Bodies  be 

Glafs,  Bubbles  of  Water,  Or.  bounded  on  all  Sides 
with  Air. 

24.  In  the  Experiment  made  with  a  Bubble  of  Soap- 
Water  covered  by  clear  Glafs,  and  expofed  to  the  white 
Light  of  the  Sky,  it  was  obferved,  that  as  the  Bubble 
grew  thinner  by  the  continual  fubfiding  of  the  VV  ater, 
it  exhibited  Rings  of  Colours  flowly  diluting,  till  they 
o  verfpread  the  whole  Bubble,  and  vanifhed  at  the  Bot¬ 
tom  fucceflively.  f  he  Bubble  was  black  at  Top,  and 
this  central  Spot  was  furrounded  with  Rings  of  the  fame 
Colours,  and  in  the  fame  Order  as  thofe  of  Air  in  Art. 
11,  but  much  more  extended  and  lively. 

25.  As  the  Thicknefs  of  the  aqueous  Shell  diminifli- 
ed,  the  Colours  of  the  feveral  Rings  by  Dilatation  were 
fucceeded  by  others  in  Order  from  the  Red  to  the  I  us  pie. 
Thus  the  Red  of  the  fecond  Ring  from  the  Top  (or 
fixth  from  the  Bottom)  was  at  firff  a  fair  and  lively 
Scarlet,  then  became  of  a  brighter  Colour,  being  .very 
pure  and  brifk,  and  the  beft  of  all  the  Reds.  t  hen 
after  followed  a  lively  Orange,  which  was  fucceeded  by 
the  beft  of  Yellows,  which  loon  changed  into  a  greemfh 
Yellow,  and  then  into  a  greenifh  Blue.  Afterwards  a 
very  good  Blue,  of  an  azure  Tint,  appeared;  which 
was  fucceeded  by  an  intenfe  and  deep  Violet.  And  fo 
it  happened  in  all  the  other  Orders  of  Colours,  only 
not  in  fo  regular  and  perfect  a  Manner,  the  Colours  in 
them  being  more  compounded  and  lefs  dnfinut. 

26.  Thefe  Rings  of  Colours,  viewed  in  var  ous  Po- 
fitions  of  the  Eye,  were  found  to  dilate  according  as 
the  Obliquity  of  the  Lye  increafed,  but  not  fo  much  as 
thofe  of  Air  in  Art.  16.  For  by  the  Table,  Art.  17, 
it  appears  they  expanded  to  a  Part  where  the  J  hick- 
nefs  of  the  Air  was  to  that  where  they  appeared  when 
viewed  perpendicularly,  as  1221-  to  10,  or  more  than 
32  to  i  ;  whereas  Sir  Jfuac  found,  by  meafur-ing  the 
Thicknefs  of  the  Bubble  at  the  feveral  Rings,  as  they 
appeared  at  the  feveral  Degrees  of  Obliquity  mentioned 

all 
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all  of  one  Sort,  that  Body  will  appear  all  of 
one  Colour,  which  will  be  moil  fimple  and 


in  the  Table  below,  that  the  greateft  was  to  the  leaft 
only  as  157  to  io  ;  which  Increafe  is  but  about  a  24th 
Part  of  the  former  in  Air. 

27.  The  Angles  of  Incidence  on  the  Water,  and 
the  Refradion  into  the  Water,  are  fhewn  in  the  two 
firft  Columns,  and  in  the  third  the  Thickneffes  of  the 
aqueous  Shell  correfponding  thereto. 


Incidence  on 
the  Water. 

Kef)  action  in¬ 
to  the  Water. 

:LhickneJs  J 
the  Shell. 

Deg. 

Min. 

Deg. 

Min. 

00 

00 

00 

CO 

IO 

'5 

00 

1  I 

1 1 

30 

CO 

22 

01 

i°f 

43 

00 

32 

02 

nf 

60 

00 

40 

3° 

13 

75 

00 

46 

25 

90 

00 

48 

35 

*5t 

28.  The  Sines  of  thefe  Angles  out  of  Water  into 
Air  are  affumcd  as  3  to  4 ;  and  Sir  IJaac  has  collided 
(with  a  prodigious  Sagacity)  that  the  Thicknef  of  the 
Plate  of  Air  or  Shell  of  W a  ter,  requifte  to  exhibit  one  and 
the  fame  Colour  at  fcveral  Obliquities  of  the  Eye ,  is  pro¬ 
portional  to  the  Secant  of  an  Angle  whofe  Sine  is  the  firjl 
of  106  mean  Proportionals  between  the  Sines  of  Incidence 
and  Refraction. 

29.  As  in  Art.  18,  fo  here  the  Bubble  by  tranfmitted 
Light  appeared  of  a  contrary  Colour  to  that  which  it 
exhibited  by  Refledion :  Thus  that  Part  which  looked 
Red  by  refieded  Light  looked  Blue  by  refraded,  and 
the  Part  which  was  Blue  by  refleded  Light  was  Red 
by  Rays  tranfmitted.  Thefe  Rings  appear  much  more 
numerous,  and  more  dilated,  when  viewed  through  a 
Prifm  than  to  the  naked  Eye  ;  and  by  means  of  the 
Prifm  feveral  Rings  may  be  difcovered  between  the 

intenfcly 
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intenfely  deep.  (3.)  If  the  Rays  are  pro- 
mifcuoufly  reflected  but  one  Sort  more 
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Glafles  or  in  the  Bubble,  when  none  appear  to  the 
bare  Eye. 

30.  The  colour’d  Rings  now  defcribed  appear  alio 
jn  thin  Pieces  of  Mufcovy  Glafs ;  which  when  they  were 
wetted  on  the  Side  opoofite  to  the  Eye  exhibited  {till 
the  fame  Colours,  but  more  languid  and  faint.  ^  Whence, 
and  by  Art.  19.  it  evidently  appears,  that  the  a  hick- 
nefs  of  a  Plate  requifite  to  produce  any  Colour  depends 
only  on  the  Denfity  of  the  Plate,  and  not  on  that  of 
the  ambient  Medium.  And  upon  the  W  hole,  if  the 
Plate  be  denfer  than  the  ambient  Medium,  it  exhibits 
more  brifk  and  lively  Colours  than  that  w'hich  is  lo 
much  rarer. 

31.  The  Colours  which  arife  on  polilh  d  Steel  being 
heated  are  of  the  fame  Kind  with  thofe  in  the  Rings  of 
the  Bubble,  emerging  one  after  another  from  Red  to 
Blue  or  Purple  fucceffively ;  and  like  the  others  will 
change  in  being  view’d  at  different  Obliquities  of  the  Eye, 
but  not  in  fo  great  a  Degree. 

32.  That  we  may  be  able  to  Ihew  how  the  Colours 
in  the  feveral  Rings  are  produced,  we  fhall  a  little  il- 
luftrate  Sir  lfaac' s  Invention  for  that  Purpofe.  In  order 

to  this.  Let  there  be  taken,  in  any  Right  Line  Y  H,  Plate 
the  Lengths  Y  A,  YB,  YC,  YD,  YE,  YF,  YG.XXXIX. 
YH,  in  Proportion  to  each  other  as  the  Cube  Roots  Fig.  1. 
of  the  Squares  of  the  Numbers  b  y*  1  i 

that  is,  in  the  Proportion  of  the  Numbers  630c,  6814, 

7114,  7631,  8255,  8855,  9243.  IOOO°-  See  Ar~ 

iicle  20.  „  „  „  „  tt  cl 

3  ?.  In  the  Points  A,  B,  C,  D,  E,  F,  G,  H,  erect 

the  Perpendiculars  A  a,  B  l>,  C  c,  &c.  by  whole  Inter¬ 
vals  the  Extent  of  the  Colours  wrought  by  them  win 
be  reprefented.  For  if  at  the  Thicknefs  Y  A  the  Vi- 
olet  Colour  begins,  and  the  Indigo  at  b,  the  Extent  A  fc> 
will  reprefent  the  Breadth  of  the  Violet;  and  fo  oi 
the  reft. 

than 


Of  Light  and  Colours. 

than  the  reft,  the  Body  will  appear  of  the 
Colour  proper  to  that  Sort  of  Ray,  but  it 

34.  Then  let  the  Line  A  a  be  divided  into  equal 
Parts,  and  number’d  as  in  the  Figure  to  43  ;  and 
through  thofe  Divifions  from  Y  draw  the  Lines  1 1,  2K, 
3  L,  5  M,  6  N,  7O,  &c.  Then  will  the  Parts  A  2, 
A  6,  A  10,  A  14,  £sV.  be  in  Proportion  to  the  odd 
Numbers  r,  3,  5,  7,  9,  u,  OV.  or  as  the  ThicknelTes 
of  the  Air  at  the  feveral  Rings.  See  Art.  j  2. 

35.  Therefore  fince  A  2  reprefents  the  Thicknefs  of 
any  thin  tranfparent  Body,  at  which  the  Violet  of  the 
firft  Order  or  Ring  is  mod  copioufly  reflected ;  then 
will  H  K  reprefent  its  Thicknefs  where  the  Red  of  that 
Order  is  mod  copioufly  refle&td  :  Becaufe,  in  the  fimi- 
lar  Triangles  A  Y  2  and  H  Y  K,  we  have  Y  A  :  Y  H 

A  2  :  H  K.  But  Y  A  and  Y  H  are  as  the  Thick- 
nefles  of  the  Plate  of  Air  at  thefe  Colours,  and  there¬ 
fore  alfo  A  2  and  H  K.  See  Art.  32. 

36.  Again  ;  becaufe  (by  Art.  12.)  A  6  is  the  Thick- 
refs  where  the  Violet  of  the  2d  Ring  is  mold  copioufly 
reflected,  and  (by  Art.  20.)  the  Ratio  of  the  Thicknefs 
of  the  Air  where  Violet  and  Red  are  refle&ed  is  the 
fame  as  of  \  A  to  Y  H  ;  therefore  fince  Y  A  :  Y  H  :: 
A  6  :  HN,  the  Line  HN  will  reprefent  the  Thick- 
liefs  of  the  Plate  where  the  Red  of  the  fecond  Order 
is  reflected  mod  copioufly.  Thus  alfo  A  10  and  HQ_ 
will  reprefent  the  fame  for  the  Violet  and  Red  of  the 
third  Order,  and  fo  on. 

37.  And  the  ThicknelTes  at  which  the  intermediate 
Colours  will  be  refle£ted  mod  copioufly  will  be  defined 
by  the  Diftance  of  the  Line  A  H  from  the  intermediate 
Parts  of  the  Line  2  K,  6  N,  10  Q_,  &c.  againft  which 
the  Names  of  the  Colours  are  written ;  whiph  is  eafy 
to  underfland. 

38.  But  farther  to  define  the  Latitude  or  Breadth  of 
the  Colours  in  each  Ring,  let  A  1  denote  the  leaf!; 
Thicknefs,  and  A  3  the  greateft,  at  which  the  extreme 
Violet  in  the  firft  Series  or  Ring  is  reflected  ;  then  lhall 
H  I  and  H  L  be  the  like  Limits  for  the  extreme  Red, 

will 
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will  be  not  fo  pure  and  flrong  as  before. 
(4.)  If  three  or  four  Sorts  of  Rays  are 

and  the  intermediate  Colours  will  be  limited  by  the  in¬ 
termediate  Parts  of  the  Lines  1 1  and  3  L,  againft  which 
the  Names  of  thofe  Colours  ftand  ;  and  fo  on  Note $ 
The  fame  Latitude  is  afiign’d  to  every  Series  of  Colours, 
A  H  L  3,  5  M  O  7,  9  P  R  1 1,  &c.  becaufe  the  Diffe¬ 
rence  of  the  Breadths  of  the  Rings  in  the  Plates  of 
Air  and  Water  were  infenfible  to  the  Eye  in  the  Expe¬ 
riment. 

39.  From  hence  it  is  eafy  to  obferve,  that  the  spaces 
A  1  I  H,  3  5  M  L,  7  9  P  O,  &c.  are  thofe  at  which 
the  Rays  are  tranfmitted,  and  the  dark  Circles  appear. 
And  therefore  we  may  know  from  this  Scheme  what 
Colour  muft  be  exhibited  (in  the  open  Air)  at  any 
Thicknefs  of  a  tranfparent  thin  Body  :  For  if  a  Ruler 
be  applied  parallel  to  A  H,  at  the  Diftance  from  it  by 
which  the  Thicknefs  of  the  Body  is  reprefented,  the 
alternate  Spaces  1 1  L  3,  5 MO  7,  &c.  which  it  erodes, 
will  denote  the  refledted  original  Colours,  of  which  the 
Colour  exhibited  in  the  open  Air  is  compounded. 

40.  Thus,  for  Example,  if  it  be  required  to  find 
what  is  the  Conftitution  or  component  Colours  of  the 
Green  of  the  third  Order  or  Series,  apply  the  Ruler  as 
you  fee  at  rstuw,  (parallel  to  A  H)  and  by  its  Paffage 
through  fome  of  the  Blue  at  r,  and  Yellow  at  a,  as  well 
as  through  the  Green  at  t,  you  may  conclude  that  the 
Green  exhibited  at  that  Thicknefs  of  the  Body  is  prin¬ 
cipally  conflituted  of  original  Green,  with  a  Mixture 
of  fome  Blue  and  Yellow. 

41.  By  this  means  alfo  you  may  know  how  the  Co- 
lours  from  the  Gentre  of  the  Rings  outward  ought  to 
fucceed  in  the  Order  as  they  have  been  deferibed  in  Art. 
11.  For  if  you  move  the  Ruler  gradually  from  AH 
through  all  the  Diftances,  having  pafs’d  over  the  firft 
Space  A  1,  which  denotes  little  or  no  Reflection  to  be 
made  by  thinneft  Subflances,  it  will  firft  arrive  at  x  the 
Violet,  and  then  quickly  at  the  Blue  and  Green,  which 
together  with  the  Violet  compound  Bluej  and  then  at 
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promifcuoufly  refietfted  more  than  the  reft, 
the  Colour  of  the  Body  will  be  Mixed  or 

the  Yellow  and  Red,  by  whofe  farther  Addition  that 
Blue  is  converted  into  Whitenefs,  which  continues 
during  the  Tranfit  of  the  Ruler  from  I  to  3  ;  and  after 
that,  by  the  fucceffive  Deficience  of  its  component  Co¬ 
lours,  turns  firft  to  compound  Yellow,  and  that  to  Red, 
which  ceafes  at  L.  Thus  are  the  Colours  of  the  firft 
Series  generated. 

42.  Then  begin  the  Colours  of  the  fecond  Series, 
which  fucceed  -in  Order  during  the  Tranfit  of  the  Edge 
of  the  Ruler  from  5  to  O,  and  are  more  lively  than 
before,  becaufe  more  expanded  and  fevered  :  And  here, 
becaufe  the  Ruler  arrives  to  and  pafles  over  the  Point  7 
before  it  comes  to  M,  there  cannot  be  a  Reflection  of 
all  the  Colours  at  the  fame  Time,  and  therefore  no 
Whitenefs  between  the  Blue  and  Yellow,  as  before; 
but  there  will  be  a  Reflection  of  original  Green,  with 
Yellow  and  Orange  on  one  Side,  and  Blue  and  Indigo 
on  the  other,  which  together  make  a  compound  Green. 
The  Violet  will  here  firft  appear  at  5,  before  it  comes 
to  be  reflected  with  Indigo  and  Blue. 

43.  So  the  Colours  of  the  third  Series  happen  in  Or¬ 
der  ;  firft  the  Violet  at  9,  which  as  it  interferes  with 
the  Red  of  the  fecond  Order,  is  thereby  inclined  to  a 
reddifh  Purple.  Then  the  Blue  and  Green,  which  here 
are  lefs  mixed  with  other  Colours,  and  confequently 
are  more  lively  than  before,  efpecially  the  Green.  Then 
follows  the  Yellow,  fome  of  which  towards  the  Green 
is  diftinCt  and  good,  but  that  Part  towards  the  fucceed- 
ing  Red,  as  alfo  that  Red,  is  mixed  with  the  Violet  and 
Blue  of  the  fourth  Order ;  whereby  various  Degrees  of 
Red,  very  much  inclining  to  Purple,  are  compounded, 

44.  Hence  the  Violet  and  Blue,  which  fhould  fuc¬ 
ceed  and  begin  the  fourth  Series,  being  mixed  with  and 
hidden  in  the  Red  of  the  third  Order,  there  fucceeds 
a  Green,  which  at  firft  is  much  inclined  to  Blue,  but 
fioon  becomes  a  good  Green,  being  the  only  unmixed 
and  lively  Colour  of  this  fourth  Order  :  For  as  it  verges 

Compound, 
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Compound,  inclining  to  the  Tint  of  the 
moft  predominant  Colour.  (5.)  When  all 


towards  the  Yellow,  It  begins  to  interfere  with  the 
Colours  of  the  fifth  Series,  by  whofe  Mixture  the  fuc- 
ceeding  Yellow  and  Red  are  very  much  diluted  and 
made  dirty,  efpecially  the  Yellow,  which  being  the 
weaker  Colour  is  fcarce  able  to  (hew  itfelf ;  fo  that  this 
Order  confifts  of  Green  and  Red  only. 

45.  After  this,  by  paffing  the  Edge  of  the  Ruler 
along  parallel  to  A  H,  it  will  cut  the  Colours  of  the 
fecond,  third,  and  fourth  Series  at  once;  which  will 
fhew  thofe  Colours  become  more  and  more  intermixed, 
till  after  three  or  four  more  Revolutions  (jn  which  the 
Red  and  Blue  predominate  by  turns,  making  the  fifth, 
fixth,  and  feventh  Rings)  all  Sorts  of  Colours  are  in  all 
Places  pretty  equally  mixed,  and  compound  an  even 
Whitenefs.  Thus  the  Line  xy  paffing  through  the  Red 
of  the  7th  Series,  the  Yellow  and  Green  of  the  8th, 
the  Blue  of  the  9th,  and  the  Purple  of  the  xoth,  thews 
Whitenefs  at  the  Thicknefs  A*  or  H4  muft  necefla- 
rily  refult  from  the  Mixture  of  fo  many  original  Co- 

lours.  . 

46.  Since  (by  Art.  20,  21.)  the  Rays  of  one  Colour 

are  tranfmitted  where  thofe  of  another  Colour  are  re- 
fleded,  the  Reafon  of  the  colour’d  Rings  made  by  tranf¬ 
mitted  Light  is  from  hence  manifefr  ;  becaufe  what  has 
been  faid  with  refped  to  the  Colours  made  by  Reflec¬ 
tion  from  the  Spaces  1  L,  5  O,  9  5s 

applicable  to  account  for  the  Colours  made^  by  Retrac¬ 
tion  through  the  Spaces  A  I,  3  M,  7  P,  1 1  S,  &c. 

47.  Not  only  the  Order  and  Species,  but  alio  the  pre- 
cife  Thicknefs  of  the  Plate  at  which  any  of  thole  Co¬ 
lours  are  exhibited  in  Parts  of  an  Inch,  may  be  obtain  d 
as  follows.  Since  (by  Art.  14,  15,  and  23.)  we  ave 
i-he  Thicknefs  of  the  Plate  where  Yellow  Light  is  re- 
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Sorts 
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Sorts  of  Rays  are  equally  reflected  from 
Bodies,  thofe  Bodies  appear  white ,  or  of 


of  which  F/zr  56,  it  is  plain  any  other  Thicknefs  of 
Air  may  be  immediately  meafured  thereon  by  means  of 
a  Pair  of  CompafTes,  or  by  a  parallel  Ruler.  Thus 
Gw=OjO000254 ;  A2=o,coooo40;  HK=o, 0000065 } 
A  6  =  0,00001 19  ;  HN=  0,0000194.  And  thus  any 
other  Thicknefs  for  any  propofed  Colour  or  Series  is 
evident  almoft  by  Infpedtion,  to  the  Ten  Millionth  Part 
of  an  Inch. 

48.  Since  by  Art.  19.  it  appears,  that  the  ThicknefTes 
of  Air  and  Water,  exhibiting  the  fame  Colour,  are  as 
4  to  3  ;  if  the  ThicknefTes  in  Air  are  known  for  the 
feveral  Rings,  you’ll  have  the  Thicknefs  of  the  Bubble 
of  courfe  where  the  feveral  Colours  appear  ;  and  thus 
the  T able  in  Art.  27.  was  made.  Alfo  hence  the  Thick- 
nefles  of  thin  Plates  of  Glafs  producing  the  Rings  of 
Colours  will  be  known,  being  to  thofe  of  Air  as  20  to 
31,  viz.  in  the  Proportion  of  the  Sines  of  Incidence 
to  Refradtion  out  of  Glafs  into  Air  for  Yellow  Light; 
and  the  Difference  of  the  Proportion  of  the  Sines  for 
the  other  Rays  is  not  confiderable. 

49.  Thefe  are  the  Meafures  nearly,  which  Sir  Ijaac 
has  exprefs’d  in  the  following  Table,  where  the  Num¬ 
bers  are  fo  many  Millionth  Parts  of  an  Inch  for  the 
ThicknefTes  of  the  Plates  of  Air,  Water,  and  Glafs, 
which  exhibit  the  various  Colours  of  the  feveral  Or¬ 
ders. 


Colours  of  the 
Firlt  Order. 


• 

Air. 

Water. 

Glafs. 

Very  Black, 

1 

a 

3 

a 

I 

‘  3 

Black, 

I 

14 

I- 

Blue, 

2f 

14 

A 

White, 

Si 

3  s 

3! 

Yellow, 

7i 

57 

4t 

Orange 

8 

6 

Si 

Red, 

9 

5f 

the 
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the  Colour  of  the  Sun’s  Light.  (6.)  Where 
there  is  no  Light  at  all  incident  on  Bodies, 


pVioIet 


Of  the  Second  Order.  4 


t, 

Indigo, 

Blue, 

Gteen, 

Y  ellow. 
Orange, 
Bright  Red, 
^Scarlet, 


'Purple, 
Indigo, 
Blue, 

Of  the  Third  Order.  <  Green, 
Yellow, 


Red, 

Blueilh  Red. 


Of  the  Fourth  Order.  | 


Air . 

Water. 

Glafs. 

m|so 

00 

7i 

12-5 

9i 

*rV 

14 

9 

Hi 

97 

lOf 

1 2i 

I  Of- 

13 
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i8i 
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1 9  T 

Hi 

21 

Hi 

Hi 

2  2T\ 

i6f 

Hi 

23t 

>7l 

I?T3 

2Sf 

18* 

27r 

20j 

I7i 

29 

2I| 

iSf 

32 

24 

20f 

35? 

26| 

22| 

4°? 

3°i 

26 

:,  46 

34s 

29! 

S2l 

39l 

34 

H-+ 

GO 

on 

44 

33 

65 

m 

42 

■>  71 

S3i 

45  f 

0  77 

5  7i 

49f 

1:1 


50.  Thefe  are  the  principal  Phenomena  of  thin  Plates 
or  Bubbles,  which  follow  from  the  Properties  of  Light 
by  a  mathematical  Way  of  Reafoning;  whence  it  fol¬ 
lows,  that  the  colorific  Difpofition  of  Rays  is  connate 
with  them,  and  immutable,  there  being  always  a  con- 
flant  Relation  between  Colours  and  the  Refrangibility 
and  Reflexibility  of  the  Rays.  In  this  refpedi:  the  Sci¬ 
ence  of  Colours  becomes  a  Speculation  as  truly  Mathe¬ 
matical  as  any  other  Part  of  Optics  -,  and  confifls  of  two 
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thofe  Bodies  can  have  no  Colour,  which 
is  a  Property  of  the  Rays  of  Light  only 
(CXXII.) 


Parts,  one  Theoretical ,  which  delivers  the  Properties  of 
Light,  and  the  Principles  on  which  the  various  Phae- 
nomena  of  Colours  depend.  This  Part  we  have  hither¬ 
to  been  treating  of :  The  other  is  PraXical ,  and  con- 
fifts  in  applying  thefe  Principles  to  account  for  the  per¬ 
manent  Colours  of  Natural  Bodies  ;  to  which  we  fliall 
now  proceed  in  the  following  Note. 

(CXXII.)  i.  As  I  here  intend  to  deliver  the  whole 
Newtonian  Dodtrine  of  Colours,  it  will  be  neceflary  to 
begin  and  proceed  with  the  Definitions  and  Precautions 
which  Sir  Ifaac  Newton  himfelf  has  made  ufe  of,  and 
which  are  as  follow. 

2.  His  general  Pofition  is,  That  if  the  Sun’s  Light 
conftjhd  but  of  one  Sort  of  Rays,  there  would  be  but  one 
Colour  in  the  whole  World ;  nor  would  it  be  pofftble  to  pro¬ 
duce  any  new  Colour  by  Reflexions  and  RefraXlons ;  and 
by  Confequence  that  the  Variety  of  Colours  depends  upon  the 
Conipofition  of  Light.  All  which  is  evident  from  the 
Subject  of  the  foregoing  Annotations  on  the  Properties 
and  Phenomena  of  Light  by  Refieilion  and  Refradtion. 

3.  His  Definition  of  Light  is  as  follows  :  The  Light 
whofe  Rays  are  all  alike  refrangible  he  calls  Simple, 
Homogeneat ,  and  Similar ;  and  that  whofe  Rays  are 
fome  more  refrangible  than  others  he  calls  Compound , 
Hiterogeneal ,  and  Dijftmilar. 

4.  The  Colours  of  Homogeneal  Lights  he  calls  Pri¬ 
mary,  Homogeneat ,  and  Simple ;  and  thofe  of  Heteroge- 
neal  Li  h  s  he  calls  Hcterogeneal  and  Compound ,  becaufe 
thefe  are  all  compounded  of  the  Colours  of  Homoge¬ 
neal  Lights ;  as  hath  been  in  part  already,  and  will  be 
farther  fhev/n  in  the  Sequel  of  this  Annotation. 

5.  The  Homogeneal  Light  and  Rays  which  appear 
Red ,  or  rather  make  Objedts  appear  fo,  he  calls  Rubrijic 
or  Red-making  Rays  ;  thofe  which  give  Objedts  a  Yellow, 
Green,  Blue ,  or  Violet  Colour,  he  calls  Yellow-making , 

Let 
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Let  BNFG  be  a  fpherical  Drop  of^ate 
falling  Rain,  and  AN  a  Ray  of  the  San  Fi^V2IIL 

Green- making.  Blue-making ,  Violet-making  Rays;  and  fo 
of  the  reft.  And  therefore  w  henever  he  fpeaks  of  Light 
and  Rays  as  colour’d,  or  endued  with  Colours,  he  would 
be  underftood  to  fpeak  not  philofophically  and  properly, 
but  grofsly,  and  according  to  the  vulgar  Notion  of 
common  People. 

6.  For  the  Rays,  to  fpeak  properly,  are  not  colour’d  ; 
in  them  there  is  nothing  but  a  certain  Difpofition  and 
Power  to  excite  a  Senfation  of  this  or  that  Colour.  For 
as  Sound  in  a  Bell  or  mufical  String  is  nothing  but  a 
tremulous  Motion,  and  in  the  Air  nothing  but  that  Mo¬ 
tion  propagated  from  the  Objecft  in  aerial  Undulations  ; 
and  in  the” Senforium  ’tis  a  Senfe  of  Motion  under  the 
Notion  of  Sound  :  So  Colours  in  the  Objedl  are  no¬ 
thing  but  a  Difpofition  to  reflect  this  or  that  Sort  of 
Rays  more  copioufly  than  the  reft ;  in  the  Rays  they 
are  nothing  but  their  Difpofition  to  propagate  this  or 
that  Motion  to  the  Senforium  by  the  Optic  Nerve ;  and 
in  the  Senforium  they  are  Senfations  or  Ideas  of  thofe 
Motions  under  the  Forms  or  Notions  of  Colours. 

7.  Every  Ray  of  Light  in  its  Paflage  through  any 
refrafling  Surface  is  put  into  a  certain  tranfient  Confti- 
thtion  or  State,  which  in  the  Progrefs  of  the  Ray  re¬ 
turns  at  equal  Intervals,  and  difpofes  the  Ray  at  every 
Return  to  be  eafily  tranfmitted  through  the  next  re¬ 
fracting  Surface,  and  between  the  Returns  to  be  eafily 
reflected  by  it.  This  is  manifeft  from  Art.  2r,  22,  of 
the  laft  Note.  Thefe  Returns  of  the  Difpofition  of  any 
Ray  to  be  refleifted  he  calls  its  Fits  of  eajy  Reflexion, 
and  thofe  of  its  Difpofition  to  be  tranfmitted  its  Fits  of 
eajy  Tranfm’jfton  ;  and  the  Space  it  pafles  between  every 
Return  he  calls  the  Interval  of  the  Fits. 

8.  This  Alternation  of  its  Fits  depends  on  both  the 
Surfaces  of  every  thin  Plate  or  Particle,  becaufe  it  de¬ 
pends  on  its  Thicknefs  ;  and  alfo  becaufe,  if  either  Sur¬ 
face  be  wetted,  the  Colours  caufed  both  by  Reflection 
and  Refraction  grow  faint,  which  thews  it  to  beafte£ted 
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falling  upon  it  in  the  Point  N,  which  Ray 
fuppofe  refracted  to  F,  from  thence  re~ 

at  both.  It  is  therefore  performed  at  the  fecond  Surface, 
for  if  it  were  performed  at  the  firft,  it  could  not  depend 
on  the  fecond  ;  and  it  is  influenced  by  fome  A&ion  or 
Difpofition  propagated  from  the  firft  to  the  fecond,  be- 
caufe  otherwife  at  the  fecond  it  could  not  depend  on 
the  firft. 

9.  This  Action  or  Difpofition,  in  its  Propagation, 
intermits  and  returns  at  different  Intervals  in  different 
Sorts  of  Rays,  emerging  in  equal  Angles  out  of  any 
refradfting  Surface  into  the  fame  Medium.  Thus  in  the 
Experiment  of  Art.  20.  and  2 1 .  of  the  laft  Annotation ,  ’tis 
plain,  the  Violet  Ray  being  in  a  Fit  of  eafy  Tranfmif- 
fion  at  its  Incidence  on  the  Plate  of  Air,  was  again  in 
that  Fit  at  the  fartheft  Surface,  in  pafling  through  a  lefs 
Space  than  that  which  the  Red  pafs’d  through  in  the 
Interval  of  its  Fits ;  for  thofe  Spaces  were  as  the  Thick- 
neftes  of  the  Glaffes,  and  eonfequently  the  Intervals  of 
thefe  Fits  were  as  the  Numbers  63,  68,  71,  76,  8  2X, 
88'-,  924,  ico,  for  the  Rays  refpedlively  from  Violet 
to  Red.  See  Art.  32.  of  the  laft  Annotation. 

10.  Hence  when  a  Ray  of  Light  falls  upon  the  Sur¬ 
face  of  a  Body,  if  it  be  in  a  Fit  of  eafy  Reflection,  it 
fhall  be  reflected  ;  if  in  a  Fit  of  eafy  Tranfmiffion, 
it  {hall  be  tranfmitted :  and  thus  all  thick  tranfparent 
Subftailces  are  found'  to  refledt  one  Part  of  the  Light 
which  is  incident  upon  them,  and  to  refraft  the  reft. 

11.  The  leaft  Parts  of  almoft  all  Natural  Bodies  are 
in  fome  meafure  tranfparent.  This  is  well  known  to 
thofe  who  are  converfant  in  Experiments  with  the  com-^ 
mon  and  folar  Microfcopes  :  As  alfo  by  the  Solution 
of  denfe  and  opake  Bodies  in  Menftrutims  ;  for  then 
their  Particles  being  fo  minutely  divided  become  tranf¬ 
parent.  And  therefore,  confidering  the  inconceivable 
Smallnefs  of  the  Particles  of  Light,  even  in  Companion 
of  the  fmalleft  Parts  of  Natural  Bodies,  we  may  con¬ 
ceive  them  as  always  incident  on  the  Surface  of  tranf¬ 
parent  Subftances. 
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fiecled  to  G,  and  there  again  refracted  in 
the  Direflion  GR  to  the  Eye  of  a  Specia¬ 
ls  I  have  obferved  (briefly)  before,  that  thofe  Su¬ 
perficies' of  tranfparent  Bodies  refleCt  the  greateft  Quan¬ 
tity  of  Light,  which  have  the  greateft  refracting  Power. 

Thus  Glafs  produces  a  total  Reflection  of  Light,  at  a 
lei's  Angle  of  Incidence  on  the  Air  than  Water;  for 
in  Glafs5 that  Angle  is  but  40°  10',  but  in  Water  it  is 

35S  Thus  alfo  Diamond,  whofe  refraCtive  Power 
to  that  of  Glafs  is  as  34  to  26  nearly,  is  found  to  re¬ 
fleCt  a  much  greater  Quantity  of  Light  than  Glafs. 

13.  Hence  ‘tis  obvious,  there  can  be  no  Reflection  Plate 
at  the  Confines  of  equally  refraCting  Mediums.  For  XXXlX. 
let  PI  I  be  a  fingie  Ray  of  Light  paffing  out  of  a  denfer  Fig.  3. 
Medium  A  C  into  a  rarer  DE  ;  in  this  Cafe  there  will  be  a 
certain  Limit  or  Angle  of  Incidence  FI  I  K,  in  which 
the  Ray  will  be  reflected  into  iG.  If  the  Medium  A  C 
be  luppofed  to  have  its  Denlity  decre-fing,  then  the 
Limit  or  Angle  H  I  K  will  be  continually  increafing  ; 
or,  which  is  all  one,  the  Ray  H  I  mult  have  a  greater 
Obliquity  than  H  I  K  that  it  may  be  reflected.  There¬ 
fore  when  the  Denfity  of  the  Medium  A  C  becomes 
equal  to  that  of  D  E,  the  Angle  H  I IC  will  become 
equal  to  D  i  K  ;  and  fo  no  Ray  inclined  to  the  Perpen¬ 
dicular  K  I  can  in  that  Cafe  poflibly  be  reflected. 

14.  Hence  the  Reafon  why  uniform  pellucid  Medi¬ 
ums^  as  Water,  Glafs,  Cryftal,  &c.  have  no  fenfible 
Reflection  but  in  their  external  Superficies,  where  they 
are  adjacent  to  other  Mediums  of  different  Denfities,  is 
became  all  their  continuous  Parts  have  oqe  and  the  fame 
Degree  of  Denfity. 

15.  Flence  alfo  it  is,  that  fince  in  common  Sub¬ 
fiances  there  are  many  Spaces,  Pores,  or  Interftices, 
either  empty  or  replerjifncd  with  Mediums  of  other 
Denfities,  various  Reflections  mult  be  made  in  the  Con¬ 
fines  of  thefe  differently  refraCting  Mediums  ;  and  thus 
the  Bodies  become  varioufly  coloured  arid  opake  in 
different  Degrees.  As  for  Example,  Water  between 
the  tinging  'Corpufcles  wherewith  Liquor  is  impreg- 
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tor;  and  let  IG  be  perpendicular  to  the 
Point  G  :  Then  will  the  Beam,  by  its  Re- 
fra&ion  at  G,  be  feparated  into  its  fe- 

nate'd  ;  Air  between  the  aqueous  Globules  which  con- 
ftitute  the  Clouds  or  Mift ;  and  Water,  Air,  and  per¬ 
haps  other  fubtil  Media  between  the  Parts  of  folid  Bo¬ 
dies,  give  them  their  proper  Colours  and  Degrees  of 
Opacity,  by  a  confuted  and  promifcuous  Reflection  and 
RefraCtion  of  Lieht. 

1 6.  The  Parts  of  Bodies  and  their  Interftices  muft 
rot  be  lets  than  of  fome  definite  Bignefs  to  render  them 
opake  and  colour’d:  For,  as  wasfaid  before,  the  opakeft 
Bodies,  if  their  Parts  be  fufficiently  attenuated  by  So¬ 
lution,  become  tranfparent.  Thus  the  Top  of  the 
Water-Bubble  being  very  thin  made  no  fenfible  Reflec¬ 
tion,  and  therefore  exhibited  no  Colours;  but,  tranf- 
mitting  the  Light,  appeared  black.  Hence  it  is  that 
Water,  Salt,  Glafs,  Stones,  &c.  having  their  Parts  and 
Interflices  too  fmall  to  caufe  Reflections,  become  tranf¬ 
parent  and  colourlefs. 

17.  The  tranfparent  Parts  of  Bodies,  according  to 
their  feveral  Sizes,  refleCt  Rays  of  one  Colour,  °and 
tranfmit  thofe  of  another,  on  the  fame  Grounds  that 
thin  Plates  or  Bubbles  did  the  fame;  and  this  is  un¬ 
doubtedly  the  Ground  and  Reafon  of  all  their  Colour. 
For  if  fuch  a ‘thin  Plate  fhould  be  broke  into  feveral 
Fragments,  or  flit  into  Threads  of  the  fame  Thicknefs, 
they  would  all  appear  of  the  fame  Colour;  and  by  con- 
fequence,  an  Heap  of  thofe  Threads  or  Fragments 
would  conftitute  a  Mafs  or  Powder  of  the  fame  Colour 
the  Plate  exhibited  before  it  was  broken  ;  and  the  Parts 
of  all  Natural  Bodies,  being  like  fo  many  Fragments 
of  a  Plate,  muft  on  the  fame  Grounds  exhibit  the  fame 
Colours. 

18.  And  that  they  do  fo  will  appear  by  the  Affinity 
of  their  Properties.  The  finely  colour'd  Feathers  of 
fome  Birds,  as  of  Peacocks  Tails,  do  in  the  very  famq 
Part  of  the  Feather  appear  of  feveral  Colours  in  feve- 
ra!  Pofitions  of  the  Eye,  in  the  fame  manner  that  thiq 
Plates  were  found  to  do  in  Articles  16  and  26  of  the 
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veral  Sorts  of  R.ays,  which  will  paint  their 
refpeCtive  Colours  in  that  Part  of  the  Drop ; 

Ja &  Annotation  \  and  therefore  their  Colours  arife  from 
the  thin  tranfparent  Parts  of  the  Feathers,  that  is,  from 
the  Tenuity  of  the  very  fine  Hairs  or  CapiUamentu , 
which  grow  out  of  the  Sides  of  the  grofier  Parts  or  la¬ 
teral  Branches  of  thofe  heathers. 

19.  And  hence  it  is,  that  the  Webs  of  fome  Spiders 
being  fpun  very  fine  have  appeared  coloured  ;  and  that 
the  coloured  Fibres  of  fome  Silks,  by  varying  the  Po- 
fition  of  the  Eye,  do  vary  their  Colours. 

20.  Another  Circumftance  in  which  they  agree  is, 
that  the  Colours  of  Silks,  Cloath*,  and  other  Subfiances, 
which  Water  or  Oil  can  intimately  penetrate,  become 
more  faint  and  obfcure  by  being  immerled  into  thofe 
Liquors,  and  recover  their  Vigour  and  Vivacity  again  by 
being  dried,  in  the  fame  Manner  as  was  obferved  of 
thin  Bodies  in  Art.  19.  and  30.  of  the  laft  Annotation. 

21.  A  third  Circumftance,  in  which  Natural  Bodies 
agree  in  their  colorific  Quality  with  thin  Plates,  is,  that 
they  reflect  one  Colour  and  tranfmit  another.  Thus 
Leaf-Gold  looks  Yellow  by  refle&ed  Light,  and  of  a 
blueifh  Green  bv  the  tranfmitted  Light.  Alfo  an  Infu- 
fton  of  Lignum  Npbriticum  refle&s  the  Blue  and  Indigo 
Rays,  and  therefore  by  Reflexion  appears  of  a  deep 
Mazarine  Blue ;  whereas  by  refraified  Light  it  appears 
of  a  deep  Red.  And  the  fame  Thing  is  obfervabie  in 
feveral  Sorts  of  painted  Glafles. 

22.  Again  ;  as  thin  Plates  and  Bubbles  exhibit  dif¬ 
ferent  Colours  in  different  Thicknefies,  fo  the  Parts  of 
Natural  Bodies  are  obferved  to  undergo  a  Change  of 
Colour  in  fome  Degree  from  Trituration,  and  a  Com¬ 
minution  of  their  Parts.  Thus  fome  Powders  which 
Painters  ufe,  by  being  elaborately  and  finely  ground, 
have  their  Colours  a  little  changed.  Thus  Mercury  by 
feveral  Chymical  Operations  has  its  Parts  fo  altered  as 
to  look  Red  in  one  Cafe,  Yellow  in  another,  and  White 
in  a  third.  Thus  Copper  in  the  Mafs  appears  Red,  but 
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of  which  that  next  the  Perpendicular  I  G 
will  be  red,  as  being  leaf!  refracted,  and 


having  its  Parts  attenuated  by  Solution  in  acid  Medi¬ 
ums,  appears  intenfely  Blue.  Hence  the  Production  and 
Changes  of  Colours  by  the  various  Mixture  of  trans¬ 
parent  Liquors.  Thus  Clouds  receive  their  different 
compound  and  beautiful  Hues  and  Tints  from  the  diffe¬ 
rent  Sizes  of  the  aqueous  Globules  of  which  they 
confiff. 

23.  The  Sizes  of  the  Particles  of  Bodies,  on  which 
their  Colours  depend,  are  indicated  by  thofe  Colours : 
Thus  the  leaft  Particles  of  Light  exhibit  the  Violct- 
C  lour,  and  the  leaft  Thicknefs  of  the  Plate  of  Air  or 
Water  exhibited  the  fame  Colour  in  the  feveral  Rings. 
Again  :  The  largeft  Particles  of  Light  exhibit  a  l<ed 
Colour ,  and  Red  is  produced  by  Reflection  and  Refrac¬ 
tion  in  the  thickeft  Part  of  the  Plate  in  each  Ring ; 
and  the  intermediate  Colours,  Blue,  Green,  Yellow, 
are  produced  from  Particles  of  a  larger  Size  in  Order. 

24.  The  Magnitude  of  the  Particles  of  colour’d  Bo¬ 
dies  may  be  pretty  nearly  conjectur’d  by  the  Colours 
they  exhibit  :  For  ’tis  pretty  certain  they  exhibit  the 
fame  Colours  with  the  Plate  of  equal  Thicknefs,  pro¬ 
vided  they  have  the  fame  refractive  Denfity;  and  fince 
their  Parts  feem  for  the  moft  part  to  have  much  the 
fame  Denfity  with  Water  or  Glafs,  as  by  many  Cir- 
cumftances  is  obvious  to  collect,  w'e  need  only  have 
Recourfe  to  the  Table  or  Scale  (in  Art.  47,  48,  49, 
of  the  laft  Annotation)  by  which  the  Thicknefs  of  Wa¬ 
ter  or  Glafs  exhibiting  the  fame  Colour  is  fhewn. 

25.  Thus  if  it  be  defired  to  know  the  Diameter  of 
a  Corpufcle,  which  being  of  equal  Denfity  with  Glafs 
fhall  reflect  Green  of  the  third  Order;  then  in  the  faid 
Table  you  fee  under  Glafs ,  and  oppofite  to  Green  of 
that  Order,  the  Number  16-*,  which  fhews  the  Cor¬ 
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Parts  of  an  Inch.  But  here  the 

iocoooo 

Difficulty  is  to  know  of  what  Order  the  Colour  of  any 
Body  is  ;  But  for  this  Purpofe  we  may  be  affifted  by 
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the  reft  in  Order  above  it.  Now  it  is  found 
by  Computation,  that  the  greateft  Angle 

viewing  the  Scheme  of  the  feveral  Orders  of  Colours ; 
and  by  laying  the  parallel  Ruler  acrofs  them  feverally, 
you  will  obferve  thofe  which  are  ieaft  compounded  with 
others  in  every  Order,  and  confequentlj^  are  molt  vivid 
and  intenfe. 

26.  Thus  Scarlets  and  ether  Reds,  Oranges ,  and  Yel¬ 
lows*  if  they  appear  pure  and  intenfe.  you  may  con- 
elude  they  are  of  the  Second  Order.  Good  Greens  may 
be  of  the  Fourth  Order,  but  the  beft  are  of  the  Third. 
Blues  and  Purples  may  be  of  the  Second  or  Third  Order, 
but  the  beft  and  leaft  compounded  are  of  the  Tlnrd. 
Whitenefs ,  if  moft  intenfe  and  luminous,  is  that  of  the 
Firft  Order  ;  if  lefs  ftrong  and  bright,  it  is  that  arifes 
from  the  Mixture  of  the  Colours  of  feveral  Orders. 

27.  The  Reds  therefore  of  Carmine,  Cinnabar,  Ver¬ 
milion,  of  fome  Rofes,  Pinks,  Peonies,  <3c.  are  01  the 
Second  Order.  The  Green  of  all  Vegetables  is  of  the 
Third  Order  ;  Ultramarine  u  a  Blue  of  the  Third  Or¬ 
der,  Bife  a  Blue  of  the  Second  Order,  and  the  Azure 
Colour  of  the  Sky  feems  to  be  of  the  Firft  Order. 
Gold  is  a  Yellow  of  the  Second  Order.  'I  he  White¬ 
nefs  of  Paper,  Linen,  Froth,  Snow,  Silver,  OV.  is  of 
the  Firft  Order.  Concerning  all  which  fee  more  in  Sir 
Ifaac  Newion’s  Optic f,  p.  230 — 237. 

28.  It  has  been  obferved,  (See  Art.  41.  of  the  laft 
Annotation)  that  Whitenefs  arifes  froyn  a  promifeuous  Re¬ 
flexion  of  all  the  Colours  together ;  and  this  is  proved  by 
feveral  Experiments.  Thus  the  Colour  of  the  Sun’s  Light 
is  White  inclining  a  little  to  Yellow,  as  beingaCom- 
pofttion  of  all  the  different  colour’d  Rays,  among  which 
the  Yellow  being  the  brighteft  is  moft  predominant. 
Thus  alfo  the  Rays  when  feparated  by  a  Prifm,  if  re¬ 
ceived  by  a  broad  convex  Lens  of  a  largy  focal  Dif- 
tance,  will  all  be  thrown  together  in  a  iina^l  rotund 
Spot  in  the  Focus,  and  appear  ot  a  white  Colour,  i  bus 
jjlfo  a  Powder  compounded  of  Orpiment,  Purple,  Bife 

Se’O, 
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f/.J/S  A  SfO,  orEO  P,  (drawing  O  P  parallel  to 
3'.  S  E)  under  which  the  moll  refrangible  Rays 

and  Verdigreafe,  in  proper  Proportion,  appear’d  of  a 
perfect  Whitenefs  in  the  Beams  of  the  Sun. 

if).  But  the  moft  curious  Experiment  for  Proof  of 
this  is  as  follows.  Let  any  circular  Area  be  divided  on 
Plate  “s  Periphery  into  fuch  Parts  A B,  B  C,  CD,  D  E,  E  F, 
XXXIX.  FG’  aild  G^,  as  are  proportional  to  the  Differences 
Fig.  4.  tFe  lengths  of  the  Mufical  Strings  in  an  O&ave,  or 
°  the  Numbers  -fz*  -5-,  4,  L  •§,  §,  1  ;  then  ftriking  a  Circle 
ab  c  def  g  at  a  fmall  Diftance  from  the  Periphery,  the 
feveral  Divifions  of  this  Annulus  or  Pving  are  to  be  laid 
over  with  the  primary  Colours  proper  to  each,  that  is. 
Red  from  A  to  B,  Orange  from  B  to  C,  and  the  reft 
,  in  Order  as  they  are  wrote  in  the  Figure.  Thbn  mak¬ 
ing  all  the  internal  Space  very  black,  let  this  Area  with 
its  painted  Ring  be  whirl’d  or  fpun  round  in  the  manner 
of  a  Top,  and  the  Ring  will  appear  very  white,  efpe- 
cially  in  the  Sun  Beams ;  For  in  this  Cafe  all  the  Co¬ 
lours  are  blended  together  in  the  View,  and  mull  there¬ 
fore  exhibit  Whitenefs. 

30.  On  the  other  hand.  Blackness  is  the  Abfence  of  all 
Colours  ;  for  it  was  obferved,  that  in  the  Middle  or 
Centre  of  the  Rings  of  Colours,  both  in  the  Plates  of 
Air  and  Water,  there  was  a  black  Spot,  which  was  oc- 
cafion’d  by  a  Tranfmiffion  of  all  the  Light  in  that  Part, 
and  confequently  by  a  total  Deficiency  of  Colour. 

31.  But  this  happen’d  in  that  Part  of  the  Plate  of 
Air,  and  Water  Bunble,  where  it  was  thinneft  ;  and 
hence  we  are  taught  that  the  Corpufcles  of  black  Bo. 
dies  are  lefs  than  any  of  thofe  which  exhibit  Colours, 
Hence  we  fee  the  Reafon  why  Fire,  and  the  more  fubtil 
Difiolver  Putrefaction,  by  attenuating  the  Particles  of 
Bod  es  turn  them  black  :  Why  a  Razor,  while  fetting, 
turns  the  Oil  upon  the  Hone  black :  Why  a  fmall  Quan¬ 
tity  of  a  black  Subfiance  will  tinge  fo  great  a  Quantity 
of  any  other  fointenfely  :  Why  black  Subftances  fooneft 
of  all  others  do  become  hot  in  the  Sun’s  Light  and 
burn  :  Why  being  foft,  and  firokcd  hard  with  the  Hand, 

can 


Of  Light  and  Colours. 

can  come  to  the  Eye  of  a  Speftator  at  O,  is 
40  Deg.  17  Minutes  j  and  that  the  greateft 


36: 


they  fcintillate,  or  emit  Sparks  of  Light  in  the  dark : 
Why  a  black  Cloth  will,  if  wet,  dry  fooner  than  a 
white  one  :  Why  moft  Blacks  are  a  little  inclined  to  a 
blueifh  Colour:  With  various  other  Phasnomena  of 
this  Kind. 

32.  From  what  has  been  faid,  the  Newtonian  Method 
of  compounding  and  decompounding  Colours  may  be 
eafrly  underftood,  if  we  only  firft  premife,  that  the  Co¬ 
lour  refulting  from  a  Mixture  of  any  primary  Colours 
is  an  Eft'edl  in  which  each  primary  Colour  has  a  Share 
in  Proportion  to  its  Quantity ;  therefore  this  compound 
Colour  is  analogous  to  the  Common  Centre  of  Gravity 
between  two  Powers  adling  againft  each  other :  for  as 
this  Centre  of  Gravity  will  always  be  neared  to  the 
greateft  Power,  fo  the  Hue  of  the  compound  Colour  will 
always  approach  neareft  the  Complexion  of  that  pri¬ 
mary  Colour  which  was  largeft  in  the  Mixture. 

33.  Therefore  to  know  what  Colour  will  refult  from 
a  Mixture  of  two  Parts  Yellow,  and  three  Parts  Blue; 
from  the  Middle  of  the  Yellow  Arch  at  H  to  the  Middle 
of  the  Blue  at  I  draw  the  Line  H  I,  and  divide  it  in¬ 
to  five  equal  Parts,  three  of  which  fet  from  the  Point 
H,  or  two  from  the  Point  I,  will  give  the  Point  K, 
through  which  if  you  draw  the  Line  N  L,  it  will  point 
out  the  Colour  of  the  Mixture  at  L,  which  is  Green  ; 
but  becaufe  the  Point  L  is  fo  much  nearer  the  Blue  than 
the  Yellow,  it  will  be  a  blueifh  Green. 

24.  A"ain  :  If  it  be  required  to  know  what  Colour 
the"  Mixture  fhall  be  of  that  has  two  Parts  Yellow, 
three  of  Blue,  and  five  of  Red  ;  then  fince  we  have 
already  determined  the  Point  K  for  the  two  firft  Quan¬ 
tities,  which  are  five  Parts;  alio  fince  there  are  five 
Parts  of  Red,  if  we  draw  the  Line  M  K,  and  divide 
it  into  two  equal  Parts  in  P,  and  through  P  draw  the 
Line  N  O,  this,  as  it  falls  upon  the  Orange,  but  near 
the  Red,  fh^ws  the  Compound  will  be  of  an  Orange 
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Angle  FOP,  under  which  the  leaft  refran¬ 
gible  Rays  come  to  the  Eye  at  O,  is  42  Deg. 

Colour  inclining  to  Red.  And  thus  you  proceed  in 
other  Cafes. 

3'.  it  muff  be  farther  obferved,  that  the  Colour  will 
be  lefs  or  more  broken  or  imperfect  as  the  Point  of 
Interfeftion  K  or  P  falls  nearer  to  or  farther  from  the 
Circumference  towards  the  Centre  N,  where  White  is 
reprefented  :  That  is,  the  farther  the  Point  K  is  iitu- 
ated  from  L  towards  N,  the  lefs  pure  and  intenfe,  or 
the  more  broken  and  mottley,  the  Green  Colour  will 
be. 

36.  Hence,  if  it  be  required  to  find  (on  the  other 
hand)  what  Colours  muft  be  taken,  and  in  what  Quan¬ 
tity,  to  exhibit  by  their  Mixture  the  broken  blueifh 
Green  at  K,  let  the  Line  H  i  be  any  how  drawn  through 
K,  and  it  will  fhew  that  if  you  take  fuch  Quantities  of 
Yellow  and  Blue  as  are  in  Proportion  to  I  Iv  and  K  L, 
they  will  when  mixed  produce  the  given  Green  at  K. 
Alfo  the  Line  L  N,  palling  through  the  fame  Point  K, 
fhews  that  a  Quantity  of  pure  Green  and  White,  in 
the  Proportion  of  N  K,  L  K,  will  in  the  Mixture  pro¬ 
duce  the  fame  Green  Tint  at  K  as  required. 

37.  What  has  been  find  relates  to  Theory,  and  to 
the  Colours  of  the  Sun’s  Light ;  and  therefore  in  Prac¬ 
tice  we  tnuft  not  expeft  lb  great  Accuracy  on  feveral 
Accounts;  as,  (i.)  Becaufe  the  Powders  made  ufe  of 
in  artificial  Mixtures  have  different  Powers  of  reflecting 
Light :  Thus  lighter  Materials  refleft  more,  and  darker 
ones  lefs  ;  and  therefore  their  Quantities  muft  be  in 
Proportion.  (2.)  Different  Bodies,  being  mixed,  ope¬ 
rate  upon  each  other;  and  thereby,  either  by  attenuat¬ 
ing  the  Parts,  or  by  incraffating  them,  produce  Colours 
quite  different  from  what  we  might  expeft  from  a  Mix¬ 
ture  of  Bodies  or  Particles  which  do  not  affeft  or  aft 
one  upon  another.  (3.)  Becaufe  all  artificial  Colours 
are  in  themfelves  more  or  lefs  compounded,  and  there¬ 
fore  cannot  produce  the  Eftefts  of  pure,  unmixed,  and 
primary  colours.  Yet  notwithftanding  thefe  Excep- 
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2  Minutes.  And  fo  all  the  Particles  of 
Water  within  the  Difference  of  thofe  two 

tions,  this  Theory,  when  well  confidered  and  under¬ 
flood,  will  be  of  the  greatefl  Service  to  Painters. 

38.  Laflly,  I  {hall  apply  this  Theory  to  explain  and 
account  for  feveral  other  Phenomena  of  Colours.  Thus 
in  examining  Mineral  JVaters,  it  is  ufual.  inorderto  dif- 
cover  whether  the  Salts  contained  in  them  are  of  an  Ac;d , 
Alcaline ,  or  Neutral  Sort,  to  mix  Syrup  of  VioleU  with 
them  ;  becaufe  then,  if  there  be  an  Ai.id ,  it  will  change 
the  Syrup  Red  by  attenuating  its  Parts  ;  fo  that  if  the 
Syrup  be  a  Purple  of  the  Third  Order,  the  Acid  will 
change  it  to  a  Red  of  the  Seconu  Order,  tne  Particles 
which  reflect:  that  Colour  being  of  the  Size  next  lefs. 

39.  Again:  If  an  Ah  all  abound  in  the  Water,  the 
Mixture  will  turn  Green  ;  for  the  Alcali  by  incraflating 
the  Particles  will  increafe  their  Size  to  thofe  of  the 
Green  of  the  Third  Order  ;  therefore  the  Syrup,  and 
confequently  the  Mixture  will  appear  of  that  Colour. 
But  if  there  he  neither  an  Acid  nor  an  Alcali  in  the 
Water,  it  will  neither  turn  Green  nor  Red. 

40.  Hence  alfo  it  is,  that  when  even  the  Fume  or 
fubtil  Vapour  of  a  ftrong  Acid,  as  Aqua  forth ,  reaches 
a  Green  Cloth,  it  changes  to  a  Blue,  becaufe  that  in  the 
fame  Order  refults  from  the  next  lefs  Size  of  Particles. 
If  the  Acid  be  dropped  on  the  Cloth  in  Subftance,  it 
adds  more  violently  in  attenuating  the  Particles,  and 
thereby  produces  a  Yellow  of  the  next  preceding  Or¬ 
der,  whole  Particles  are  lefs  than  the  aforefaid  Blue. 
And  after  a  like  Manner  may  this  Theory  be  extended, 
to  account  for  other  Phenomena  of  the  fame  Kind. 

41.  To  conclude:  Since  any  Objedf  becomes  viflble 
When  it  fubtends  an  Angle  of  one  Minute ,  and  alfo  be¬ 
caufe  Obje&s  are  diflindtly  viewed  in  the  Focus  of  a 
Lens  ;  therefore  fuppofing  the  Focus  of  a  Lens  were 
■5%  of  an  Inch,  (as  they  have  been  made  thu*  final!)  it 
will  be  found  by  Calculation,  that  an  Objed  in  the 
Focus  of  fuch  a  Lens  fubtending  an  Angle  of  one  Mi¬ 
nute,  will  be  equal  to  0,0000097  Parts  of  an  Inch  in 
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Angles  E  F  will  exhibit  feverally  the  vari¬ 
ous  Colours  of  the  Prifm,  and  conftitute 
the  interior  Bow  in  the  Cloud. 

If  the  Beam  go  not  out  of  the  Drop  at 
G,  but  is  refledted  (a  fecond  time)  to  H, 
and  is  there  refradfed  in  the  Direction  HS, 
making  the  Angle  S  YA  with  the  incident 
Ray  A  N,  it  will  paint  on  the  Part  H  the 
feveral  Colours  of  Light,  but  in  an  inverfe 
Order  to  the  former,  and  more  faint,  by 
reafon  of  the  Rays  loft  by  the  fecond  Re¬ 
flection.  It  has  been  found  alfo,  that  the 
leaft  Angle  SGO,  or  GOP,  under  which 
the  leaft  refrangible  Rays  can  come  to  the 
Eye  at  O,  after  two  Reflections  and  two 
Refradtions,  is  50  Deg.  57  Minutes  j  and 
the  leaft  Angle  HOP,  under  which  the 

Length.  Therefore  the  Diameter  of  a  Particle  lefs 
than  the  Diameter  of  any  colour’d  Particle  (except 
thofe  of  the  birff  Order)  will  be  vifible  in  the  Focus  of 
fuch  a  Lens :  And  therefore  the  Particles  of  all  colour’d 
Bodies  would  become  vifible  by  fuch  a  Lens,  were  it 
not  that  Particles  equally  thick  appear  of  the  fame  Co¬ 
lour,  and  all  fo  very  fmall  are  tranfparent ;  whence, 
though  they  are  big  enough  to  be  vifible,  yet  we  may 
want  a  Difference  of  Colour,  and  fome  other  Means,  to 
render  them  diftinCl,  and  capable  of  being  view’d  fe- 
parately  from  each  other.  Sir  Ifaac  Newton  thinks  the 
Difcovery  of  thofe  Corpufcles  by  the  Microfcope  will 
be  the  utmoft  Improvement  of  this  Science :  For  it 
feems  impoflible  to  fee  the  more  fecret  and  noble  Works 
of  Nature  within  the  Corpufcles,  by  reafon  of  their 
Tranfparency. 
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moft  refrangible  Rays  can  come  to  the  Eye 
in  this  Cafe,  is  54  Deg.  7  Minutes.  Whence 
all  the  Colours  of  the  exterior  Bow  will  be 
formed  in  the  Drops  from  G  to  H,  which 
is  the  Breadth  of  this  Bow,  viz.  3  Deg. 
10  Minutes;  whereas  the  Breadth  of  the 
other,  viz.  EF,  is  but  1  Deg.  45  Minutes, 
and  the  Diftance  between  the  Bows,  viz. 
F  G,  is  8  Deg.  55  Minutes.  And  fuch 
would  be  the  Meafures  of  the  Bows,  were 
the  Sun  but  a  Point ;  but  fince  his  Body 
fubtends  an  Angle  of  half  a  Degree,  it  is 
evident,  by  fo  much  each  Bow  will  be  in- 
creafed,  and  their  Diftance  diminifhed 
(CXXIII.) 

(CXXIII.)  x.  Having  explain’d  the  Do£trine  oF  the 
different  Ref  Tangibility  of  the  Rays  of  Light,  and  the 
Theory  of  Colours  confequent  thereupon,  it  will  now  be 
eafy  to  explain  and  underftand  the  natural  Caufe  of  the 
Rainbow,  which  is  wholly  owing  to  the  above  mention’d 
Property  of  Light.  For  though  it  vvas,  by  long  Ob- 
fervation,  known  to  proceed  from  the  Sun’s  fhining  up¬ 
on  the  falling  Drops  of  Rain  ;  and  even  before  Sir  Jfaac 
Newton's  Time  it  was  difcover’d  to  be  the  Effedf  of  the 
Sun’s  Light  feveral  times  refrafted  and  refle£ted  in  the 
aqueous  Globules ;  firft  of  all  by  Antonins  de  Dcrninis, 
Archbifhop  of  Spalato,  in  a  Book  publifbed  in  the  Year 
1611,  and  after  him  by  Dejcartet :  Yet  no  one  could 
1  ever  account  for  the  Diverfity  of  Colours,  and  their  in- 
verfe  Order  in  the  two  Bows,  or  give  a  direct  Method 
of  Calculation,  before  Sir  Ifaac  Newton. 

2.  To  apprehend  rightly  the  different  Affe&ions  of 
this  remarkable  Phaenomenon,  we  muff  attend  to  the 
following  Particulars.  Firf,  That  though  each  Bow 
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Halo’s  are  formed  by  Rays  of  Light 
coining  to  the  Eye  after  two  Refractions 

be  occafioned  by  the  refracted  and  reflected  Light  of  the 
Sun  falling  on  the  Drops  of  Rain,  yet  neither  of  them 
is  produced  by  any  Rays  falling  on  any  Part  of  the 
Drop  indifferently,  but  by  thofe  only  which  fall  on  the 
Surface  of  the  Drop  B  L  QG  in  or  about  the  Point  N, 
XLVlII.  as  th‘e  Ray  A  N  ;  thofe  which  fall  nearer  to  B,  or  far¬ 
ther  towards  L,  being  unconcerned  in  this  Production. 

3.  Secondly ,  The  internal  Bow  is  produced  by  two 
Refractions  and  one  Reflection.  The  firft  Refraction 
is  of  the  incident  Rays  extremely  near  AN,  by  which 
they  proceed  from  N  to  one  common  Point  or  Focus  at 
I',  from  whence  they  are  reflected  to  G,  and  are  there 

fecond  time  refracted  towards  R,  and  produce  the 
various  Colours  of  the  faid  Bow. 

4.  Thirdly ,  There  is  a  Neceflity  that  feveral  Rays 
fliould  be  refracted  together  to  the  Point  F,  that  being 
refieted  together  from  thence  to  G  they  may  there  go 
out  parallel,  and  fo  come  in  Quantity  fufficient  to  excite 
the  Senfation  of  Colours  in  a  ftrong  and  lively  Manner. 
Now  thofe  Rays,  and  thofe  only,  which  are  incident 
on  the  Globule  about  the  Point  N,  can  do  this,  as  will 
appear  from  what  follows:  For, 

5.  Fourthly,  The  Point  F  makes  the  Arch  Q_F  a 
Maximum ,  or  the  Ditlance  Q_F  from  the  Axis  of  the 
Drop  S  Q_  is  greater  than  any  other  Diflance  from 
whence  any  other  Rays  nearer  to  the  Axis,  as  S  D, 
S  E,  or  farther  from  it,  as  S  H,  S  I,  are  reflected  ;  be- 
caufe  thofe  which  are  nearer  after  the  firft  Refraction 
tend  to  Points  in  the  Axis  produced  more  remote  than 
that  to  which  the  Ray  S  N  tends ;  and  therefore  as 
their  Diftance  from  the  Axis  increafes,  fo  likewife  will 
the  Diftances  of  their  Points  of  Reflection  QJ>,  Q_0, 
till  the  Ray  becomes  £  N  ;  after  which  the  Rays  more 
remote  from  the  Axis,  as  SH,  SI,  are  refracted  towards 
the  Points  X  Y,  which  are  nearer  and  nearer  to  the 
Axis ;  and  this  occafions  the  Points  of  Reflection  on 
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through  Drops  of  Rain ,  or  fpherical  Hail- 
Jlones-,  which  Light  ought  to  be  ftrongeft 

the  fartheft  Side  of  the  Drop  to  decreafe  again  from  F 
towards  Q. 

6.  Fiftb'y,  Hence  it  will  neceffarily  happen,  that 
fome  Rays  above  and  below  the  Ray  S  N  will  fall  up¬ 
on  the  fame  Point  as  O  orP>  on  the  fartheft  Side  ;  and 
for  that  Reafon  they  will  be  fo  refle&ed  from  thence  as 
to  go  out  of  the  Drop  by  Refra£lion  parallel  to  each 
other.  Thus  let  S  E  below,  and  SH  above  the  Ray 
S  N  be  refratfted  both  to  one  Point  O  ;  from  hence 
they  will  be  refle&ed  to  M  and  L,  and  will  there 
emerge  parallel,  ’tis  true,  but  alone  ;  being  diveffed  of 
their  intermediate  Rays  S  N,  which  going  to  a  diffe¬ 
rent  Point  F  will  be  refledted  in  a  different  Direction 
to  G,  and  emerge  on  one  Side,  and  not  between  thofe 
Rays,  as  when  they  were  incident  on  the  Drop.  All 
which  is  evident  from  the  Figure. 

7.  Sixthly *  As  this  will  be  the  Cafe  of  all  the  Rays 
which  are  not  indefinitely  near  to  S  N,  it  is  plain,  that 
being  deprived  of  the  intermediate  Rays,  their  Denfity 
will  be  fo  far  diminifhed,  as  to  render  them  ineffectual 
for  exciting  the  Senfation  of  Colouis;  and  they  are 
therefore  called  In  fficacious  Rays ,  in  Contra-diftinftion 
to  thole  which  enter  the  Drop  near  S  N,  and  which, 
having  the  fame  Point  F  of  Reflection,  are  not  fcatter’d 
hke  the  others,  but  emerge  together  at  G,  fo  as  to 
conftitute  a  Beam  G  R  of  the  fame  Denfity  with  the 
incident  Beam  S  N,  and  therefore  capable  of  exhibiting 
a  vivid  Appearance  of  Colours,  and  for  this  Reafon  are 
called  EJp  acious  Rays, 

8.  Thefe  Things  premifed,  we  (hall  now  (hew  the 
Mathematical  Principles  on  which  the  C  alculations  re- 
lat'ng  to  this  Phenomenon  depend,  acco:ding  to  Dr. 
Halleys  moft  elegant  and  eafy  Conftruttions  a  little  ex¬ 
plained  and  facilitated  by  Dr.  Morgan,  late  Bilhop  of 
E’y.  Let  S  N,  s  n,  be  two  of  the  efficacious  Rays  in¬ 
cident  upon  a  Drop  of  Rair.  ;  thefe  when  refratted  to 
the  fame  Point  F,  and  thence  refkaed  to  G,  g ,  will 
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at  the  Diftance  of  about  26  Degrees  from 
the  Sun  or  Moon,  or  fomevvhat  lefs,  if  the 

have  the  Parts  within  the  Drop  on  one  Side,  N  F, 
n  F,  equal  to  thole  on  the  other  Side,  F  G,F^,  from 
the  Nature  of  the  Circle  and  the  Angles  of  Incidence 
C  FN,  CFh,  being  equal  to  the  Angles  of  Reflection 
CFG,  CF^.  Since  the  Parts  within  the  Drop  are 
equal  and  alike  fituated,  they  will  alfo  be  fo  with  it ; 
and  therefore  as  the  incident  Rays  S  N,  S  «,  are  fup- 
pofed  parallel,  the  emergent  Rays  G  R,  g  r ,  will  be 
fo  too. 

o.  From  C  the  Centre  draw  the  Radii  C  N,  C  r, 
C  F  ;  then  is  C  N  F  —  C  F  N  the  Angle  of  Refraction, 
and  the  fmall  Arch  N  n  is  the  nafcent  Increment  of  the 
Angle  of  Incidence  BCN;  and  as  it  meafures  the  Angle 
ct  the  Centre  N  C  it  is  double  of  the  Angle  at  the 
Circumference  NFn,  which  is  the  nafcent  Increment 
of  the  Angle  of  Refraction  NFC. 

10.  Again:  Let  the  Ray  S  N  enter  the  lower  Part 
of  the  Drop,  and  be  twice  reflected  within  the  Drop  at 
F  and  G  ;  then  is  the  Ray  N  F  :=  the  Ray  F  G,  and 
the  Arch  N  F  rr  to  the  Arch  F  G.  Draw  f  g  parallel 
to  F  G,  and  it  will  be  the  reflected  Part  ot  fome  Ray 
sn ,  whole  Obliquity  to  the  Drop  is  fuch  as  obliges  it 
to  crofs  the  Ray  N  F  in  its  RefraCtion,  as  it  mult  do  if 
it  be  a  little  more  oblique  than  S  N,  (by  Art.  6.)  Then 
alfo  will  the  Part  nf  — f  g ,  and  the  Arch  nf—  f  g,  and 
the  fmall  Arch  ¥  f  —  Q  g. 

n.  therefore,  2f'/=(F/+G^=  the  Arch 
F  G  —  the  Arch  f g~  the  Arch  NF> —  the  Arch  n  f 
—  \  N  n  —  F f\  confequentlv  N  n  =:  3  F  /’.  That  is, 
the  nafcent' Increment  of  the  Angle  of  Incidence  is 
equal  to  three  tim^s  that  of  the  Angle  of  Refraction. 
After  a  like  Manner  you  proceed  to  fhew,  that  after  1, 
4,  5,  &c.  Reflections,  the  Increment  of  the  Angle  of 
Incidence  will  be  4,  5,  6,  &c.  times  greater  than  that 
of  the  Angle  of  RefraCtion. 

1  2.  Hence,  in  order  to  find  the  Angle  of  Incidence 
of  an  efficacious  Ray,  after  any  given  Number  of  Re- 
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faid  Hail-ftones  be  a  little  flatted,  as  often 
they  are.  Thefe  Halo s,  if  the  Hail  be 


flections,  we  are  to  find  an  Angle  whofe  nafcent  Incre¬ 
ment  lias  the  fame  Ratio  to  the  Increment  of  its  cor- 
refponding  Angle  of  Refraction,  generated  in  the  fame 
Time,  as  the  given  Number  of  Reflections  (n)  increafed 
by  Unity  has  to  Unity  ;  that  is,  in  the  Ratio  of  n  -f-  I 
to  1.  Now  thofe  Increments  ate  as  the  Tangents 
of  the  refpedtive  Angles  direCtly ;  as  is  thus  demon- 
fl rated. 

13.  Let  A  CD,  A  B  D,  be  the  Angles  of  Incidence  pj 
and  Refraftion  propofed  ;  and  if  we  fuppofe  the  Line 

A  C  to  move  about  the  Point  A  in  the  Plane  of  thofe  l°‘ 
Angles,  the  Extremity  thereof  C  will  defcribe  the  cir¬ 
cular  Arch  C  r  ;  and  when  A  C  is  arrived  to  the  Situa¬ 
tion  A  r,  the  Line  B  D  will  be  thereby  removed  into 
the  Situation  B  d.  DuawrD;  then  is  the  Angle  A  CD 
—  A  B  C  -j-  C  A-B,  and  the  Angle  Atiir  ABc-|- 
c  A  B.  Wherefore  the  Excels  of  A  c  d  above  A  C  D, 
or  the  Increment  of  A  C  D,  is  equal  to  both  the  Angles 
CBt  and  CAt.  But  fince  the  Angle  A  c  C  differs  in¬ 
finitely  little  from  a  Right  one,  a  Circle  defcribed  on 
the  Diameter  A  C  {hall  pafs  through  th£  Points  D  and 
c;  and  therefore  the  Angles  C  A  r,  C  Dr,  (infifting  on 
the  fame  Arch  C  c  of  the  faid  Circle)  will  be  equal. 
'Wherefore  the  Increment  of  the  Angle  A  C  D  is  equal 
to  CBf  +  CDf  =  Dfi/.  But  the  nafcent  Angles 
~D  c  d  and  D  B  c  are  as  their  Sines,  that  is,  as  their  op- 
pofite  Sides  B  D  and  Dt=DC,  becaufe  of  the  Angle 
C  Dr  infinitely  fmali.  But  BD  :  CD  ::  DE  :  DA 
(the  Line  B  E  being  parallel  to  AC)  ::  Tangent  of  the 
Angle  (E  B  D  —  )  AC  D  :  Tangent  of  the  Angle  A  B  D. 
Therefore  the  Increment  D  c  cl  of  the  Angle  A  C  D  is 
to  the  Increment  C  B  r  of  the  Angle  A  B  D  (gene¬ 
rated  in  the  fame  Time)  as  the  Tangent  of  the  former 
to  the  Tangent  of  the  latter  directly. 

14.  Hence,  having  given  the  Ratio  of  the  Sine  of 
Incidence  I,  to  the  Sine  of  Refraction  R,  we  may  find  Fig.  5. 
the  An<ffes  of  Incidence  and  Refraction  of  an  efficacious 
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duly  figur’d,  will  be  colour’d,  and  mult 
then  appear  red  within  by  the  leafi:  re- 


Ray,  after  any  given  Number  («)  of  Reflections,  thus: 
In  any  Right  Line  A  C,  let  there  be  taken  A  C  :  A  D 
::  I  :  R  ;  and  again,  AC  :AE  ::»-(■  i  :  i,  Upon 
the  Diameter  E  C  defcribe  the  Semicircle  EBC;  and 
on  the  Centre  A  with  the  Radius  AD  defcribe  the  Arch 
D  B,  interfering  the  Circle  in  B.  Draw  A  B  and  B  C ; 
then  let  fall  the  Perpendicular  AF  on  C  B  continued 
out  to  F.  So  fhall  ABF  and  A  CF  be  the  Angles  of 
Incidence  and  Refraction  required. 

15.  For  drawing  B  E  parallel  to  A  F,  the  Triangles 
A  C  F  and  ECB  are  fimilar.  Now  the  Sine  of  the 
Angle  A  B  C  or  A  B  F  is  to  the  Sine  of  A  C  B  as  A  C 
to  A  B  r  A  D,  that  is,  as  I  to  R  j  therefore  if  A  B  F  be 
the  Angle  of  Incidence,  A  C  F  will  be  the  Angle  of 
Refraction.  Moreover,  the  nafcent  Increment  of  ABF 
is  to  that  of  A  C  B  (generated  in  the  fame  Time)  as 
C  F  to  B  F,  (by  Art.  13.)  that  is,  as  C  A  to  A  E,  (by 
fimilar  Triangles)  that  is,  as  n-f-  1  to  1  by  Conftruc- 
tion.  The  Ratio  therefore  of  the  nafcent  Increment  of 
the  Angle  of  Incidence  ABF,  to  that  of  the  Angle  of 
Refraction  A  C  B,  is  that  which  is  required  in  the  Angles 
of  Incidence  and  Refraction  of  an  efficacious  Ray,  after 
a  given  Number  of  Reflections,  (in  Art.  12.)  Confe- 
quently  the  Angles  ABF  and  A  C  F  are  thofe  required. 

E.  D. 

16.  From  this  Conftruction  we  eafily  deduce  Sir  Ifaac 
Newton's  Rule  for  finding  the  Angle  of  Incidence  ABF 
in  p.  148,  149.  of  his  Optics ,  thus.  We  had  AC  : 

A  B  ::  I :  R,  whence  A  C=  5-  X  A  B.  Alfo  C  F  : 

K. 

BF  !!»-}■  1  :  15  therefore  CF~«+iXBF,  or 
(putting  «+i  =mjCF  =  ffiXBF;  and  becaufe  of 
the  Right  Angle  at  F,  it  is  A  Cx  — *  C  F1  =  A  B1  — 

BF%  that  is,  AB1- «*FBl  =  A  B1  —  BF2 ; 

K  K 
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frangible  Rays,  and  blue  without  by  the 
moft  refrangible  ones. 


and  therefore  nr  F  B1  —  F  B*  —  AB!  —  A  B2  ; 

,  r  1  F  B  .  II  — RR 
and  confequently  ^  =  v/  ^r-rTTr' 

17.  Hence,  becaufe  in  the  firft  Bow  the  Ray  emerges 
after  one  Reflection,  we  have  n  —  1,  m  —  2,  mr  rr  4, 
mr  —  1  =  3;  therefore  ^3  R  R  :  V''  II  —  R  R  ::  A  B 
:  B  F  ::  Radius  :  Co-Sine  of  the  Angle  of  Incidence.  In 
the  fecond  Bow,  where  there  are  two  Reflections,  nr — 

1  =  8;  whence  8  R  R  :  \/  II  —  RR:  AB  :  BF. 
In  the  third  Bow,  afterthree  Reflections,  mr —  x  —  15  ; 
and  y/  15  R  R  :  ^  1 1  —  RR  :  A  B  :  B  F  ;  and  fo  on 
for  any  given  Number  of  Reflections. 

18.  To  find  the  Values  of  I  and  R,  it  muft  be  re¬ 
membered,  that  the  Ratio  of  the  Sines  of  Incidence  and 
Refraction  was  fhewn  to  be  conftant,  (in  Ann.t.  XCVII. 
13.)  and  therefore  their  Excefles  in  divers  Sorts  of  Me*- 
diums  are  alfo  in  a  given  Ratio.  Thus  it  was  fhewn, 
that  in  the  leaft  refrangible  Rays  I  :  R  ::  50  :  77,  out 
of  Glafs  into  Air  ;  the  Excels  of  R  above  I  is  here  27. 
If  the  Redaction  be  made  out  of  Rain-Water  into  Air, 
then  it  is  I  :  R  ::  3:4  very  nearly  for  the  leaft  refran¬ 
gible  Rays  ;  the  Excels  here  is  4  —  3  =  1.  Wherefore 
fay.  As  1  :  27  ::  3  :  81  ::  4  :  108.  Whence  it  appears, 
that  he  Sines  I  and  R  out  of  Water  into  Air  are  as  8l 
to  ic8,  in  the  leaft  refrangible  Rays:  And  if  to  the 
lefier  Sine  you  add  the  given  Differences  between  thofe 
Sines  out  of  Glafs  into  Air  for  all  the  other  Sorts  of 
Rays,  viz.  27I,  274,  *7b  27i,  2 7],  27I,  28  ;  we  fhali 
have  the  feveral  Values  of  R  for  thofe  Rays,  viz.  ic8$, 
ioS1-,  108-i,  1 08  4,  1 08 1-,  1085,  109. 

19.  But  fince  the  Refraction  here  is  not  out  of  Wa¬ 
ter  into  Air,  but  the  contrary,  we  fhali  have  the  Va¬ 
lues  of  I  and  R  interchanged ;  or  they  will  ftand  for 
the  feveral  Sorts  of  Rays  as  below. 
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The  Reafon  why  there  is  always  a  de¬ 
terminate  Angle  for  exhibiting  the  Bows, 


For  the  Red,  I:R  108  :  81  Extreme. 

For  the  Orange,  I :  R : : 1087  :  81  Beginning. 
For  the  Yellow,  I  :  R  : ;  k8l  :  81  Beg. 

For  the  Green,  I:R::  io8y  :  8x  Beg. 

For  the  Blue,  I  : R : :  1 o8i  :  8 1  Beg. 

For  the  Indigo,  I:R:;  io8y  :  81  Beg. 

For  the  Violet,  I  :  R  : :  108-^  :  §  r  Beg. 

For  Violet,  I :  R  : :  1  09  :  81  Extreme. 


20.  Wherefore  in  the  leaf!  refrangible  Rays,  fincelm 
108,  H  =.  11664;  alfo  R  —  8 1,  and  RR—  6  6r,  and 

I2  —  R1  =  5103  >  \/  3RR  =  140,3,  ands/I^R7 
=  71,4.  Therefore  fay,  (by  Art.  17.) 

As  *  n/j_RR  =  140,3  =  2,147045 

Is  to  v/l  — R3,  =  71,4  1,853913 

So  is  Radius  —  90°  00' —  io,ocoooo 


To  theCo-Sine  of  the 7  t>  A  t-  „  0 

Angle,  of  Incidence  5  J  *  Z1  9, 7°68l8 


& 

21. 


Hence  the  Angle  of  Incidence  A  B  F  is  59"  23', 
in  the  Red  orleaft  refrangible  Rays.  Wherefore  in  the 
Drop  of  Rain  whofe  Axis  is  S  Q_,  if  we  make  the  Arch 
B  N  =  159°  23',  we  (hall  have  S  N  the  leaft  refrangible 
Ray.  Having  given  the  Angle  of  Incidence,  and  the 
Ratio  of  I  to  R,  we  have  alfo  given  the  Angle  of  Re¬ 
fraction  :  For  fay, 

As  I  —  108  =  2,033424 

Is  to  R  =  81  rr  1,908485 

So  is  the  Sine  of  Incidence  590  23'  —  9,934798 


To  the  Sine  of  the  Angle  of  Ref.  40°  12’  ~  9,809859 
PI.  XL.  22.  Therefore,  making  the  Angle  CNF  =  40°  12', 
Fig.  6.  NF  will  be  the  refraded  Ray  ;  which  at  F  is  refleded 
into  F  G,  and  at  G  emerges  in  G  R.  Produce  the  in¬ 
cident  and  emergent  Rays  S  N  and  R  G  till  they  inter- 
fed  each  other  at  X  ;  and  as  C  F  bifeds  the  Angle 
NFG,  fo  when  produced  it  will  bifed  the  Angle  SXR. 
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or  Halos ,  is  becaufe  there  is  but  one  par¬ 
ticular  Point  N  in  all  the  Part  of  the  Drop 

Then  CFNrCXN  +  FNX,  but  F  N  X  =  CN G 
• —  CNF  or  C  F  N  ;  therefore  CFNrCXN-}- 
CNX-CFN;  that  is,  zCFN  —  CNX=  CXN. 
Or  80°  —  <9°  2'/  =  2  i°  or'  C  X  N;  therefore 

2CXN  =  SXR  =  40°  02',  which  is  the  Meafure  of 
the  Angle  that  the  incident  and  emergent  Rays,  which 
are  the  Jeaft  refrangible,  contain  with  each  ether. 

23.  ;f  inftead  of  the  R.atio  ic8  to  8r,  we  take  that 

of  109  to  8 1,  we  Ihall  find  the  Values  of  v7  3  R  R  and 

v/  IWRJ  fuch  as  will  give  the  Angle  of  Incidence 
BCN,  or  the  Arch  BN  =58°  40',  and  the  Angle 
SX  R  -  4O0  17%  which  will  be  the  Cafe  for  the  mod 
refrangible,  or  extreme  Violet  Ra-.  s. 

24.  If  the  Ray  be  twice  reflected,  viz.  at  F  and  G, 
as  in  the  Prod udiion  of  the  exterior  Bow,  and  emerges 
at  H  in  the  Uiredlion  H  A  inter  edling  the  incident  Ray 
S  N  in  Y  ;  then  we  may  find  the  Angle  AYS,  which 
thofe  Rays  contain  with  each  other,  thus.  Produce 
A  H,  till  it  meets  GX  produced  in  R  ;  then  in  the  Tri¬ 
angle  FI  G  R,  the  external  Angle  HGXz=HRG-f~ 
G  FI  R  But  becaufe  of  equal  Angles  of  Reflection  at 
F  and  G,  it  is  G  H  R  =  F  G  X  ;  theiefore  H  G  X  — 
FGX  =  HGF  =  HRG  =  2GGForCNF.  And 
(in  Art.  22.)  we  had  SXR-4CNF  —  2  C  N  X  ; 
therefore  in  the  Triangle  Y  X  R  we  have  the  two  inter¬ 
nal  Angles  R  X  ra  bCNF  —  2  C  N  X  =  the  ex¬ 
ternal  Angle  at  Y,  viz.  A  Y  N. 

25.  In  this  Cafe  to  find  the  Angles  of  Incidence  and 

Refraftion,  we  have  8  R  R  :  \/  I1  —  Rz  ::  Radius 
:  the  Co-Sine  of  the  Angle  of  Incidehce;  whence  the 
faid  Angle  of  Incidence  will  be  found  7  i°  50'  ~  CNX. 
And  a-  ic8  :  81  ::  Sine  of  71  ’  50'  :  Sine  of  450  27''  = 

CNF  the  Angle  of  Refradtion  ;  therefore  45  J  27'  X  6 

—  2  X  71“  50'  =  1 29’  oi'  =  A  Y  N,  and  therefore  its 
Complement  A  Y  S  =2  50  58'  the  Angle  required,  for 
the  leaf!  refrangible  Rays. 

B  b  4 
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between  B  and  L,  where  the  Rays  AN  can 
enter,  fo  that  after  a  fecond  Reflation  at 

2 6.  But  for  the  moll  refrangible  Rays,  where  I  :  R  :: 
IC9  :  81,  we  have  the  Angle  of  Incidence  710  26',  and 
the  Angle  of  Refradlion  4  4°47';  and  therefore  the 
Angle  A  YS  r  540  ic/.  After  this  Manner  you  pro¬ 
ceed  to  calculate  the  fame  Angles  after  three,  four,  or 
more  Refledlions  ;  but  becaufe  the  Beam  in  being  fo 
often  refledled  lofes  fo  many  of  its  Rays,  that  the  re¬ 
maining  refradled  Fart  is  in  general  too  faint  to  excite 
the  Idea  of  Colours,  we  pafs  it  by,  and  proceed  to  ap¬ 
ply  what  has  been  faid  to  account  for  the  Phenomena  of 
the  Bows,  which  fo  llrongly  ftrilce  the  Eye ;  the  prin¬ 
cipal  whereof  here  follow, 

27.  The  Fi> ft  is.  That  each  is  variegated  with  all  the 
Prifmatic  Colours.  This  is  a  neceffary  Confequence  of 
the  different  Refrangibility  of  the  Rays  refradled  and  re¬ 
fledled  in  Drops  of  falling  Rain.  Let  A  be  fuch  a  Drop, 
S  N  a  Ray  entering  it  at  N,  which  is  refradled  to  F, 
from  thence  refledted  to  G,  where,  as  it  emerges,  it  is 
refracted  into  all  the  feveral  Sorts  of  Ravs  of  which  it 
is  compofed,  vice.  G  R  the  leaft  refrangible  or  Red-mak * 
ing  Ray,  G  O  the  Orange ,  G  Y  the  Yellow ,  G  G  the 
Green ,  G  B  the  Blue ,  G  I  the  Indigo ,  and  G  V  the  Vi- 
olet  or  moft  refrangible  Ray. 

28.  Now  we  have  fhewn  (Art.  22,  23.)  that  the 
Angle  S  F  R  is  to  the  Angle  S  F  V  as  420  02/  to  40^  17'; 

PL  XLI.  the  Difference  whereof  is  the  Angle  V  G  R  ~  i°  45'. 

Fig,  1.  Through  this  Angle  all  the  original  Rays  are  diffufed  j 
and  though  the  Angle  be  fmall,  yet  at  a  great  Diftance 
it  fpreads  to  a  confjderable  Width  ;  and  therefore  by 
coming  from  the  Drop  A  to  the  Eye  of  a  Spectator  at 
A,  they  will  beffufficiently  feparated,  and  fail  upon  the 
Eye  fingly,  each  Sort  of  Rays  by  themfelves  alone. 

29.  Hence,  were  there  only  one  Drop  A ,  the  Eye  at 
A  would  fee  only  one  Colour  in  that  Drop,  vz.  the 
Red,  by  the  leaft  refrangible  Ray  G  R ;  the  others, 
G  O,  G  Y,  &c.  being  refracted  above  it,  as  is  evident 
enough  in  the  Figure,  If  now  we  fuppofe  this  Drop  to 
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F  for  Halos,  or  Refledion  at  F  and  G  for 
the  Bows,  there  can  enough  go  out  toge- 


defcend  to  the  Situation  B,  then  would  the  Orange- 
making  Ray  G  O  fall  upon  the  Eye  continuing  in  A, 
and  then  the  Drop  would  exhibit  an  Orange  Colour.  If 
after  this  it  fhould  fink  down  to  C,  the  Yellow-making 
Ray  GY  would  enter  the  Eye  at  A,  and  excite  the 
Idea  of  Yellow  in  the  Drop  at  G.  And  fo  continually, 
if  we  fuppofe  the  Drop  to  fucceed  to  the  feveral  Situati¬ 
ons  D ,  £,  F,  G ,  the  other  more  refrangible  Rays  G  G, 
GB,  GF,  G  V,  will  fall  upon  the  Eye  fucceffively, 
and  raife  the  Senfation  of  their  proper  Colours,  Green, 
Blue,  Indigo,  and  Violet  when  the  Drop  is  at  G. 

30.  The  Truth  of  this  may  be  eafily  proved  by  Ex¬ 
periment,  by  fufpending  a  Glafs  Globe  fill’d  with  Wa¬ 
ter  in  the  Sunfhine,  and  viewing  it  in  fuch  a  Pofition 
that  the  Rays  S  N  which  fall  upon  it  may  emerge  to  the 
Eye  at  A,  under  the  feveral  Angles  from  SFR  to 
S  F  V;  which  may  be  eafily  efte&ed  by  letting  the 
Globe  defcend  from  A  to  G  by  a  String  going  over  a 
Pulley.  And  this  was  the  famous  Experiment  of  Anto¬ 
nins  de  Dominis  and  Des  Cartes,  who  by  this  means  con¬ 
firmed  the  Truth  of  their  Doctrine  of  the  Rainbow, 
which  had  been  demonftrated  mathematically.  The 
fame  Thing  may  be  alfo  Ihewn,  if  the  Globe  be  at  Reft 
at  A,  and  the  Eye  be  railed  from  R  to  V. 

31.  If  now,  inftead  of  depreffing  the  Drop  from  A 
to  G,  we  fuppofe  a  Drop  placed  in  each  Point  A,  B ,  C , 
D,  E,  F,  G  ;  then  thefe  will  feverally  fend  an  original 
Ray  to  the  Eye,  according  to  their  Situations  in  refpect 
of  it.  Thus  the  Drop  in  A  will  refract  the  Red  mak¬ 
ing  Ray  G  R  ;  the  Drop  B  will  refract  the  Orange 
Go;  the  Drop  C  the  Yellow  Gy;  and  fo  the  other 
Drops  D,  E,  F,  G,  will  by  the  Rays  G  g,  Gb,  Gi, 
G  v,  excite  *  .e  feveral  Colours,  Green,  Blue,  Indigo, 
Violet,  all  at  the  fame  Time;  and  therefore  all  that 
Part  of  the  Rain  from  A  to  G  will  appear  varioufly  co¬ 
loured,  as  is  reprefented  in  the  Scheme. 

ther 
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ther  at  G  or  H,  to  form  a  jftrong  and  dif- 
tin£t  Image  of  the  Sun ;  which  Rays, 

31.  Now  let  S  P  be  a  Line  drawn  through  the  Spec¬ 
tator’s  Eye  at  A,  parallel  to  the  Sun’s  Rays  S  N,  and 
conceive  the  feveral  Rays  G  R  turning  about  the  Line 
A  P  as  an  Axis,  and  always  under  the  fame  invariable 
Angle  GRP;  ,’tis  evident,  the  Extremity  of  each  Ray 
would  in  the  Cloud  or  Rain  defcribe  a  Circle  which 
would  be  the  Bafe  of  a  Cone  whole  Axis  is  A  P,  and 
its  Vertex  A  ;  and  for  the  fame  Reafon  that  the  Drop  A 
excites  the  Senfation  of  Red,  every  Drop  in  the  Circle 
defcribed  by  the  Extremity  of  the  Ray  G  R  will  excite 
the  fame  Senfation  ;  thus  will  a  red  circular  Arch  A  H 
be  formed  as  far  as  the  Rain  extends.  Next  to  that  the 
Ray  B  A,  by  revolving,  defcribes  the  Arch  of  an  Orange 
Colour,  as  B 1 ;  the  Ray  C  A  will  in  like  manner  trace 
out  the  Yellow  Circumference,  as  C  K-,  and  fo  of  all 
the  reft,  as  reprefented  in  the  Figure. 

32.  Hence  the  Second  Phan.mencn ,  viz.  the  circular 
Form,  is  accounted  for  ;  and  alfo  the  Thirds  which  is 
the  Breadth  of  the  bcw,  for  that  will  be  equal  to  the 

XLI.  Angle  iRG  =  RG  V  :=  >°  45',  where  the  Ray,  as 

,  2.  here,  emerges  after  one  Reflection.  Thefe  Particulars 
are  reprefented  more  compleatly  in  the  Figure ,  where 
B  G  D  is  the  red  Circumference  formed  by  the  Rotation 
of  the  Ray  A  G,  that  can  firft  come  to  the  Eye  at  A  ; 
and  C^  E  is  the  Violet  Arch  formed  by  the  leaf!:  re¬ 
frangible  Ray  g  A  ;  after  which  the  Rays  are  all  re¬ 
fracted  below  the  Eye.  And  thus  by  the  interme¬ 
diate  P,ays  and  Colours  the  whole  interior  Bow  is  pro¬ 
duced. 

33.  The  Fourth  Phenomenon  is  the  Appearance  of  Two 
Bows.  This  follows  from  hence,  that  after  an  efficacious 
Ray  of  Light  SN,  entering  a  Drop  of  Rain,  has  been 
twice  reflected  on  the  fartheft  Side  at  F  and  H,  it  will 
emerge  refracted  into  all  its  fimpleor  conftituent  Rays  at 
G  upon  the  upper  Side  of  the  Drop,  fo  as  to  make  with 
the  incident  Ray  the  Angle  G  V  N  or  S  Y  A  —  54 0 1  c-% 
if  that  Ray  be  the  Violet  Sort,  or  moft  refrangible,  (by 
Art.  26.)  but  if  it  be  of  the  red  or  leaft  refrangible 
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Sort,  then  the  faid  Angle  is  but  5c0  58'  =  Sy  A  (by 
Ait.  25.) 

34.  T  herefore  all  thole  Drops  which  are  fo  fituated 
around  the  Eye,  that  their  mod  refrangible  Rays  fhall 
fall  upon  it,  mud  with  thofe  Rays  make  an  Angle  with 
the  Line  A  P  pall  ng  through  the  Eye  parallel  to  the 
Sun’s  Rays,  d  z.  the  Angle  GAP,  equal  to  the  Angle 
h  Y  A,  or  G  A  P  r=  540  to'.  T  hele  Rars  therefore 
will  every  where  e  h i hit  a  Violet  Colour  in  the  Arch 
P  G  L.  For  the  fame  Reafon  thofe  Drops  vrhofe  leaft 
refrangible  Rays  (all  upon  the  Eye  at  A,  make  the 
Angle  g  A  P  —  50°  58'  ■,  and  fo  the  Ray  A  g,  revolv¬ 
ing  about  the  Axis  A  Q_,  will  defcribe  the  circular  Arch 
Mg-K,  which  will  e  hibit  the  deepeft  Red  ;  and  all  the 
Drops  between  G  and^  will  paint  the  feveral  other  co¬ 
lour’d  Peripheries,  all  which  together  will  compleat  the 
exterior  Bow. 

35.  T  he  Fifh  PI  cenr>menon  is  the  greater  Breadth  of 
t' e  exterior  Bow.  Thus,  if  from  540  io/  We  fubdudt 
50  58',  we  fhall  ha*/e  30  12'=  G^  =:  the  Width  of 
the  outer  Bow  •,  which  therefore  is  aim  oft  twice  as  wide 
as  the  interior  Bow. 

36.  The  Sixth  Phenomenon  is  the  Dijiance  between 
the  two  Bows ,  which  is  thus  determined :  From  the 
Angle  which  the  leaft  refrangible  Ray  in  the  upper  Bow 
makes  with  the  Axis  A  P,  viz.  50’  58',  fubtraft  the 
Angle  42"  0/  which  the  molt  refrangible  Rays  make 
therewith  in  the  lower  Bow,  and  the  Remainder  8o° 
56'  —  g  AY  is  the  Arch  of  Diftance  between  the 
Bows. 

37.  The  Seventh  Phenomenon  is  the  inverfe  Order  of 
the  Colours  in  th  two  Bovjs.  This  follows  from  the  con¬ 
trary  Partf  of  the  Drop  on  which  the  Ray  is  incident, 
and  from  whence  it  emerges  and  is  retraced.  Thus 
becaufe  the  Rays  S  N  enter  the  upper  Part  of  the  Drop 
and  emerge  from  the  lower,  ’tis  evident  the  Rays  re¬ 
traced  in  this  Cafe  (viz.  in  the  interior  Bow)  will  have 
a  Situation  quite  the  reverfe  of  thofe  which  enter  on  the 
lower  Part  of  the  Drop,  and  are  refraCed  from  the 
upper,  as  in  the  exterior  Bow,  whofe  Colours  are  Violet, 
Indigo,  Blue ,  Green ,  Yellow ,  Orange ,  and  Bed ;  whilft 
fhole  of  the  other  arc  Red,  Orange ,  Yellow ,  Green ,  Blue, 
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Indigo,  and  Violet ;  counting  from  the  upper  Parts  down¬ 
wards  in  both. 

38.  The  Eigh  h  Phesnorrenon  is  the  Faintnefs  of  the 
exterior  Bow  in  Com;  ari/on  of  the  interior  one.  This  is 
the  C'onfequence  of  the  Rays  being  twice  refleded  with¬ 
in  the  Drops  which  form  the  outer  Bow.  They  who 
make  the  Experiment  in  a  dark  Chamber  may  wonder 
when  they  obferve  how  large  a  Part  of  the  Learn  (that 
enters  the  Globule  at  N)  goes  out  at  F,  that  there 
Ihould  be  enough  in  the  remaining  Part  F  G  to  exhibit 
the  Colours  fo  flrong  and  vivid  in  the  firft  Bow  as  they 
appear;  but  then  confidering  how  much  of  this  refidual 
Ray  is  refraded  at  G,  ’tis  rather  Wonder  how  the  very 
fmall  Part  refleded  to  H  Ihould  there  when  refraded  be 
in  Quantity  iufficient  to  excite  any  diftind  Ideas  of  Co¬ 
lours  at  all. 

39.  The  Ninth  Phenomenon  is,  that  fometimes  more 
than  two  Bows  appear  ;  as  in  a  very  black  Cloud  I  have 
myfelf  oblerved  four ,  and  a  faint  Appearance  of  a  fifth  : 
But  this  happens  rarely.  Now  thefe  fpurious  Bows,  as 
I  may  call  them,  cannot  be  formed  in  the  Manner  as 
the  two  princioal  Bows  are,  that  is,  by'  Ref  a £t ion  after 
a  third ,  fourth ,  fifth ,  &c.  Reflexion  ;  for  the  Beam  is 
by  much  too  weak  to  exhibit  Colours  by  Refradion, 
even  after  the  third  Refledion  only,  much  lefs  would 
it  after  a  fourth  or  fifth.  Befides,  though  after  a  third  and 
fourth  Refledion'  of  the  Rays  they  fhould  be  fuppofed 
capable  of  {hewing  their  Colours,  yet  the  Bows  made 
thereby'  would  not  appear  at  the  lame  Time  with  the 
other  two,  nor  in  the  fame  Part  of  the  Heavens,  but  in 
the  Rain  between  us  and  the  Sun,  and  muft  be  viewed 
by  the  Spedator’s  Face  turned  towards  the  Sun,  and 
not  from  it,  as  in  the  other  Cafe.  ^ 

4c.  To  account  for  the  Appearance  of  thefe  colour’d 
Rings  within  the  interior  primary  Bow,  we  {hall  here 
tranferibe  what  the  learned  Ur.  Pemberton  has  wrote  up¬ 
on  the  Subjed.  He  obferves,  that  Sir  Ifaac  Newton 
takes  notice,  that  in  Glafs  which  is  polifh’d  and  quick- 
filver’d  there  is  an  irregular  Refradion  made,  whereby 
fome  fmall  Quantity  of  Light  is  fcattered  from  the  prin¬ 
cipal  refieded  Beam.  If  we  allow  the  fame  Thing  to 
happen  in  the  Reflexion  by  which  the  Rainbow  is 
*  caufed. 
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caufed,  it  feems  fufficient  to  produce  the  Appearance 
now  mentioned. 

41.  Let  A  B  reprefent  a  Globule  of  Water,  B  the 
Point  from  whence  the  Rays  of  any  determinate  Species 
being  reflected  to  C,  and  afterwards  emerging  in  the 
Line  C  D,  would  proceed  to  the  Eye,  and  caufe  the 
Appearance  of  that  Colour  in  the  Bow  which  appertains 
to  this  Species.  Here  fuppofe,  that  befides  what  is  re- 
fledfed  regularly,  fome  frnall  Part  of  the  Light  is  irre¬ 
gularly  fcatter’d  every  Way  ;  fo  that  from  the  Point  B, 
befides  the  Rays  that  are  regularly  refledted  from  B  pJ. 
to  C,  fome  fcattered  Rays  Will  return  in  other  Lines, 
as  in  B  E,  B  F,  B  G,  B  H,  on  each  Side  of  the  Line 
BC. 

42.  Now  it  has  been  obferved,  (Annotat.  CXXl.) 
that  the  Rays  of  Light  in  their  Paifage  from  one  Super¬ 
ficies  to  another,  in  any  refradting  Body,  undergo  al¬ 
ternate  Fits  of  eafy  Franfnijfion  and  RefleSliov,  fucceed- 
ing  each  other  at  equal  Intervals,  infomuch  that  if  they 
reach  the  farther  Superficies  in  one  of  thofe  Fits,  they 
fhall  be  tranfmitted  ;  if  in  the  other,  they  fliall  be  re- 
fledied  back.  Whence  the  Rays  that  proceed  from  B 
to  C,  and  emerge  in  the  Line  C  D,  being  in  a  Fit  of 
tafy  Tranfmiflion ,  the  fcatter’d  Rays  that  fall  at  a  frnall 
Diftance  without  thefe  on  either  Side  (fuppofe  the  Rays 
B  E  and  B  G)  fhall  fall  on  the  Surface  in  a  Fit  of  eafy 
Refieflion,  and  fo  will  not  emerge  ;  but  the  Rays  next 
to  thefe,  viz.  B  F  and  B  H,  fhall  arrive  at  F  and  H  in 
a  Fit  of  eajy  Tranfm'']f.on>  and  fo  be  refracted  in  the  Rays 
FI  and  HK. 

43.  Now  thefe  Rays  will  emerge,  fo  as  to  contain 
a  lefs  Angle  with  the  incident  Beam  SN  than  the  Ray 
C  D,  which  was  fhewn  to  make  the  greateft  Angle 
therewith  of  all  others  whatfover:  (See  A  t.  5,  22,  23.) 
The  Colours  therefore  which  they  exhibit  muft  appear 
within  thofe  of  the  primary  Bow.  And  if  we  fuppofe 
other  fcatter  a  Rays  without  thefe  to  emerge  (having 
the  intermediate  Rays  intercepted  by  Reflection)  they 
will  contain  Angles  flill  lefs  with  the  incident  Ray  S  N, 
and  will  therefore  form  colour’d  Arches  flill  within  the 
former :  And  this  may  be  conceived  for  divers  Suc- 
ceffions. 

44.  New 
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44.  Now  as  the  fcatter’d  Rays  by  various  Reftefliont 
and  Refractions  f<  rm  Arches  varioufly  mixed  together, 
fome  of  thefe  by  the  lighter  Colours  may  be  loft  in  the 
inferior  Part  of  the  primary  Bow,  and  may  contribute 
to  the  red  Tinrfture  which  the  Purple  of  that  Bow  ufual- 
ly  has.  The  darker  Colours  of  thofe  refradted  fcatter’d 
Rays  form  the  Arches  which  reach  below  the  Bow,  and 
are  leen  diftinct;  of  which  the  firft  has  a  light  Green, 
dark  Green ,  and  Put  pie  ;  the  fecond  has  a  Green  and 
Purple-,  the  third  a  faint  Green  and  vanijhing  Purple. 

45.  I  he  Diftances  between  the  Bow  and  thefe  fecon- 
dary  Arches  depend  on  the  Size  of  the  Drops  ;  to  make 
them  in  any  Degree  feparate,  ’tis  requifite  the  Drops 
fhould  be  exceeding  fmall.  It  is  therefore  mod  likely, 
that  they  are  formed  in  the  Vapour  of  the  Cloud,  which 
the  Air,  being  agitated  by  the  Rain,  may  carry  down 
with  the  larger  Drops;  and  this  may  be  the  Reafon  why 
they  never  appear  but  under  the  upper  Part  of  the  Bow 
only,  this  Vapour  not  defeending  very  low.  As  a  Con¬ 
firmation  of  this,  thele  Arches  are  feen  ftrongeft  when 
the  Rain  falls  from  very  black  Clouds,  which  caufe  the 
fierceft  Rains,  and  therefore  produce  the  greateft  Agita¬ 
tion  of  Air.  Thus  far  Dr.  Pemberton. 

46.  But  to  return;  The  Tenth  Phenomenon  is,  the 
Appearance  of  the  Bows  in  that  Pa  t  'f  the  Heavens  op- 
pojite  to  the  Sun.  This  neceffarily  happens  from  the  in¬ 
cident  and  emergent  Ray  being  both  on  one  Side  of  the 
Drop,  for  ’tis  evident  tt  at  in  o  der  to  fee  the  Colours, 
we  muft  look  to  that  Part  againft  which  the  Sun  fhines. 

47.  The  Eleventh  Phenomenon  is.  that  they  never  ap¬ 
pear  but  when  and  where  it  rains.  'This  is  becaufe  Rain 
affords  a  fufficient  Plenty  of  Drops,  or  aqueous  Spherules, 
proper  to  refledl  and  refraeft  the  Light  fit  for  this  Pur- 
pofe,  which  cannot  be  done  without  a  requifite  Size, 
Figure,  and  Difpofition  of  the  Particles,  which  the  Va¬ 
pour  of  the  Cloud  does  not  admit,  and  therefore  Clouds 
alone  exhibit  no  fuch  Appearance. 

4S.  The  Twelfth  Phanomenon  is,  the  Dimenjion  of  the 
Bows.  This  is  determined  eafily,  for  continuing  the  Axis 
PI  XLI  A  P  to  Q_the  Centre  of  the  Bows,  we  have  the  Semi- 
yp,  2  diameter  of  each  Bow  in  the  Angle  Q_A  g,  or  Q_AG; 

the  double  of  which  gives  the  Angles  which  the  whole 

Diameters 
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Diameters  of  the  Bows  fubtend,  and  are  therefore  the 
Meafure  of  their  Magnitude. 

49.  The  Thirteenth  Phenomenon  is,  the  Altitude  of  the 
Bow  above  the  Horiz  n  or  Surface  of  the  Earth.  This  is 
equal  to  the  Angle  GAT,  which  may  be  taken  by  a 
Quadrant,  or  it  may  be  known  for  any  Time  by  hav¬ 
ing  given  the  Sun’s  Altitude,  which  is  equal  to  the 
Angle  T  A  Q_;  which  therefore  fubdudted  from  thee 
conftant  Angles  Q_A  F,  orQ_AY,  will  always  leave 
the  Angle  of  the  apparent  Height  of  the  Bow. 

50.  Hence  it  follows,  that  when  the  Sun  is  in  the 
Horizon,  the  Lines  Q  A  and  T  A  will  coincide,  and 
therefore  the  Points  Q^and  T  5  whence,  in  this  Cafe, 
the  Bows  will  appear  compleat  Semicircles  ;  as  on  the 
other  Hand,  when  the  Altitude  of  the  Sun  is  equal  to 
the  Angle  Q_A  F  —  420  02',  or  to  Q_A  Y  =:  540  io', 
the  Summits  of  the  Bows  will  be  deprefs’d  below  the 
Horizon,  and  therefore  within  a  certain  Interval  in 
many  Days,  in  the  Summer-Time,  no  Rainbow  can 


appear. 

51.  We  have  hitherto  confidered  the  Bows,  and 
given  their  Dimenfions,  fuch  as  they  would  have  were 
the  Sun  but  a  Point  ;  but  becaufe  the  Sun  fubtends  an 
Angle  of  half  a  Degree,  or  30  Minutes  at  a  Mean, 
therefore  the  Breadths  of  the  Bows  will  be  increafed, 
and  their  Diftance  decreafed  by  half  a  Degree,  and  fo 
the  Breadth  of  the  interior  Bow  will  be  2°  1  5',  and  that 
of  the  exterior  one  30  42',  and  their  Diftance  8°  2 6! 
alfo  the  greateft  Semidiameter  of  the  interior  Bow  42° 
if,  and  the  leaft  of  the  exterior  Bow  50°  43'. 

52.  For  let  S  F  A  be  the  Angle  of  any  one  particu¬ 
lar  colo  'r’d  Ray  coming  from  the  Centre  of  the  Sun, 
and  reflected  from  the  Drop  to  the  Eye  at  A.  In  the  Ray 
S  S  take  any  Point  S  at  Pleafure,  and  make  the  Angles 
FSN,  F  S  M,  each  equal  to  if,  as  alfo  the  Angles 
F  A  M  and  FAN;  then  will  S  N  be  Part  of  a  Ray 
n  N  coming:  from  the  lower  Limb  of  the  Sun,  S  M  a 
Part  of  a  Ray  m  M  coming  from  the  upper  Limb;  and 
fo  the  whole  Angle  N  S  M  m  S  n  —  30',  the  Sun’s 
apparent  Magnitude. 

53.  Join  S  A  ;  and  fince  the  Sums  of  the  Angles  at 
the  Bale  S  A  of  the  feveral  Triangles  ASN,  ASF, 

ASM, 
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ASM,  are  equal  among  themfelves,  their  vertical 
Andes  at  N,  F,  M,  are  alfo  equal  to  each  other. 
Wherefore  the  Angle  S  M  A  will  be  that  which  the 
emergent  Ray  makes  with  the  incident  Rays  S  M  of  the 
fame  Colour,  as  before,  coming  from  the  higheft  Point 
m  of  the  Sun,  and  SNA  of  that  which  comes  from 
the  loweft  Point  of  the  Sun  n.  Therefore,  if  all  the 
Ravs  of  the  Sun  were  of  one  Sort,  the  apparent  Breadth 
of  the  Bow,  meafured  by  the  Angle  M  A  N,  would  be 

but  30' or  naif  a  Degree. 

1:4.  But  fince  the  Rays  of  the  Sun  are  differently  re¬ 
frangible,  conceive  the  Drop  B  to  be  placed  any  where 
in  the  inward  or  outward  Verges  of  the  Bows  (above 
defcribed)  and  then  it  is  manifeft  that  the  Angle  BAM 
muft  be  added  to  the  Infide,  and  F  A  N  to  the  Out- 
fide  of  the  Angles,  which  the  Breadths  of  thofe  Bows 
fubtendat  A,  to  obtain  their  apparent  Breadths  j  which 
therefore  will  be  fuch  as  are  defined  in  Article  51.  # 

55.  I  defigned  here  to  have  added  Dr.  halley  s 
Method  of  difcovering  the  Ratio  of  the  Sine  of  Inci¬ 
dence  to  that  of  Refradion,  by  having  given  the  Angle 
which  an  efficacious  Ray,  as  SN,  contains  with  its 
emergent  Part  GA;  but  as  this  Angle  is  determined 
only  by  Experiment,  and  the  Calculation  brings  us  to  a 
Cubic  Equation,  I  think  it  a  Matter  of  too  much  In¬ 
tricacy  to  trouble  the  Reader  with  in  this  Place,  especi¬ 
ally  as  it  is  fo  eafy  to  determine  the  refradiVe  Power 
of  any  tranfparent  Bodies,  by  the  experimental  Methods 
before  deliver’d.  (See  Annotat  CXVll.) 

r 6  I  have  often  taken  Nonce  (with  Mr.  IVhjton) 
of  the  Silence  of  Authors  concerning  the  Reafop  why 
the  Iris ,  or  rather  a  ftrong  and  deeply  colour’d  Com, a 
does  not  appear  about  the  Sun  in  the  falling  Drops  of 
Rain,  at  the  Diftance  every  way  of  about  25  Degrees  j 
becaufe  at  that  Difiance  from  the  Axis,  the  efficacious 
Pl.XLII.  Rays  S  N,  s  n,po,  after  Refradion  into  the  Drop  are  re* 
2  Traded  a  fecond  Time  at  F  towards  the  Eye  at  I.  For 
if  S  B  Q  be  the  Axis  of  the  Drop,  we  have  {hewn 1  the 
Angle  B  N  =  59°  23'  (Art.  21.)  and  the  Arch  N  F  _ 
qoV;  therefore  the  Arch  FQ.=  21®,  wherefore  in 
a  Glafs  Globe  of  Water,  held  in  the  Sun’s  Light  in  a 
dark  Room,  we  fee  a  colour’d  Circle  or  Corona  A  D  B 
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of  about  42  Degrees  in  Diameter,  and  the  Superficies 
within  it  extremely  luminous,  as  containing  all  the  Sun- 
Beams  that  fall  on  the  fore  Part  within  60  Degrees  all 
round  the  Axis, 

57.  But  becaufe  the  Rays  are  there  promifcuoully 
blended  together,  they  produce  only  a  white  Light ; 
whereas  on  the  Circumference  F  D  A,  where  the  effi¬ 
cacious  Rays  fall,  there  all  the  Colours  of  the  Bow  ap¬ 
pear  ;  and  from  thence  many  have  wondered  why  we 
fee  not  a  Circle  coloured  with  ftronger  d  ints  than  even 
the  primary  Bow  itfelf,  from  this  RefraCtion  of  the  effi¬ 
cacious  Rays  in  all  the  Drops  of  Rain  between  us  and 
the  Sun  from  the  Circle  F  D  A.  But  we  are  to  obferve, 
with  Mr.  TPbiJion ,  that  the  efficacious  Rays  SN,  s  n, 
p  0 ,  which  are  parallel  when  incident  on  the  Drop,  are 
not  fo  when  refi-afted  at  their  Emergence  at  F  ;  for  be¬ 
ing  there  refracted  to  one  Point,  they  are  not  parallel 
within  the  Drop,  and  therefore  cannot  be  fo  after  their 
Emero-ence,  but  will  proceed  diverging  to  the  Eye  at  I 
in  the  feveral  Direftions  FI,  F  r,  F  y,  and  therefore 
will  not  be  fufficiently  denfe,  and  at  the  fame  time  too 
much  blended  with  others  to  excite  any  Senfation  of 


Colours.  . 

58.  But  why  it  fhould  be  faid,  this  variegated  Circle 

ought  to  appear  at  the  Diftance  of  about  26  Degrees 
from  the  Sun,  T  do  not  fee  ;  for  the  refracted  Ray  F  I 
contains  an  Angle  F  M  G  with  the  incident  Ray  S  N  pi.XLIL 
(produced  to  G)  of  38°  22' ;  for  ’tis  plain  that  MN=  Fi  o 
M  F,  and  therefore  the  Angle  M  N  F  =  M  F  N  = 

CNM  —  CNF  =  590  23'  —  40°  12'  =  19°  11'; 
but  the  external  Angle  IMG  =  MN1  +  M  F  N  = 

38°  22',  and  confequently  this  is  the  Angle  of  Diftance 
at  which  fuch  a  Bow  mult  appear  all  around  the  Sun. 


Scholium. 

59.  In  Article  5.  it  is  afferted,  that  the  efficacious 
Ray  S  N  makes  the  Arch  QF  a  Maximum  by  its  re¬ 
fracted  Part  N  D.  To  prove  this,  let  Radius  CN=p],  XLI. 
CB=i,  the  veiled  Sine  BA  r  and  IDzx,  and  Fjg,  3, 
by  the  Nature  of  the  Circle  Q_B  ;  BN  ::  BN  :  AB; 

therefore  BN  —  \/  2 x.  Again,  let  a  —  Ratio  of  the 
Vol.  II.  c  c  Incidence 
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Incidence  and  Refratfion  ;  then  becaufe  I  :  R  ::  N  D  : 

CD,  we  have  N  D  C  D  az  ;  likewife  from 

the  fimilar  T riangles  END  and  F  Q_D,  we  have  N D  : 
N  B  : :  Q_D  :  Q_F  ;  that  is,  a  z  :  v'  2  x  ::  z  —  t  : 

V~x~  Q_F. 
a  z 

60.  This  Value  QF  is  to  be  determined  to  a  Max¬ 
imum-,  in  order  to  this  we  neglect  the  given  Part 

- ancj  take  the  variable  Part  - - ^  X  — 


x  v'  x  —  */  x  _  i/—  ^  .V 


z 


x 


then 


making  its  Fluxion  \x  2  x- 


,  —  1  — 

iz  x 


x  +  Z 


~xxz  =  o',  or  (multiplying  by  2  zx  x*  )  z1  x — zx 
+  2*i  =  o.  Whence  ixz  —  zx  —  zz  x,  and  z  = 
z  x  —  z1  x 
2  x 

6i.  We  muft  now  find  another  Value  of  z  in  order 
to  exterminate  it,  which  we  find  from  the  right-angled 
Triangle  N  A  D,  where  N  D2  =  A  N2  -f-  AD* ;  that 
is,  a-  z1  —  z- -p  2  z  —  2  xz-\-  i,  which  in  Fluxions  is 
2azzz  —  2  z  z  -j-  2  » • —  2  x  z  —  z  x  x  •,  therefore  z  =z 
z  x  zx  —  z2  x 

- rr - ;  whence  z2  —  ar  zz 

z  —  a^z  —  x — i  2  x 

• —  xz-\-  az  z-\-  -i,x  —  i  =  now  by  Means  of  this 
and  the  preceding  Equation  a*zx  —  zz  - f-  2z—t~2xz 
+  i»if  we  throw  out  x ,  we  fhall  get  this  cubic  Equation 
z*  —  <Pz3  —  a*  z2-f  z2  -}-  3  z  -{-3  =.  o;  whofe  Roots 

x,  Z  =  —X/Cf~ 


will  be  found  z 
*"  3 


z  — 


v/~  ;  of  which  the  two  firft  being  negative,  are 
of  no  Ufe ;  therefore  the  Arch  QF  is  a  Maximum  when 
CD  =  J- 


3 


62.  By 
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therefore,  entering  at  the  Point  N,  are  called 
Efficacious  Rays ,  to  diftinguifti  them  from 
the  reft  which  are  ineffectual  (CXXIV.) 


62.  By  infecting  this  Value  of  z,  into  the  Equation 
az  zz  —  zz  -f  2  z — 2  x  z  -}-  1  ;  we  get  this  Equation  *  = 

1 

t  2  '  -  f  2 

\/ — - -  -}■  x  -f-  i  —  iQl  X  yy-  -  ~ .  And  iince  in 


Cafe  of  the  leaft  refrangible  Rays,  we  have  a  —  — 

r-r  ,  3 

therefore  y/— — —  =1,964  =  CD;  and  A  B— 0,4908 

the  verfed  Sine  of  the  Angle  BCNr:  59°  23',  the 
fame  as  was  found  before  in  Article  21.  Alfo  if  we  put 

(See  Art.  19.)  we  fhall  have  the  Angle  BCM 

o  I 

=r  58°  40'  for  the  moll  refrangible  Rays,  as  in  Ar¬ 
ticle  23. 


Z  —  -  I _ 

63.  Alfo  we  get  the  Value  of  OF  = - V  2* 

a  z 

=  0,3648,  which  is  the  Chord  of  21 0  02'  zr  QCF, 
as  was  before  {hewn,  Article  56.  Hence  all  the  Parti¬ 
culars  relating  to  the  principal  Bow  are  eafy  to  be  under- 
ftood  ;  and  this  is  an  egregious  Inftance  of  the  extreme 
Ufefulnefs  of  the  Fluxionary  Calculus  in  Natural  Philo- 
fophy.  This  noble  Theorem  was  firft  given  us  by  Mr. 
Stewai  t  in  his  Comment  on  Sir  Ifaac  Newton's  Qua¬ 
dratures. 

64.  If  B  N  Q_were  a  Globe  of  Glafs,  then  a  — 


— ,  C  D  =  z  =  1,5492,  and  the  Arch  B  N=  490  48; 

alfo  the  Arch  Q_F  =  1 1°  22C  Some  other  confiderable 
Ufes,  which  may  be  made  of  this  Theorem,  will  be 
conlidered  in  the  next  Ledfure  of  Optics. 

(CXXIV.)  1.  Concerning  the  Production  of  Ha¬ 
lo’s,  our  illuftrious  Author  has  left  us  to  make  the  bell 
Shift  we  can  in  accounting  for  it ;  having  laid  nothing 

C  c  2  of 
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of  this  Phenomenon  that  can  be  of  any  Service  to  help 
us  in  this  Difquifition.  He  intimates,  indeed,  that  Ha¬ 
lo's  are  formed  ly  the  Light  which  comes  through  the  Drops 
of  Rain  by  two  Refractions  (viz.  at  N  and F)  without  any 
Reflection  ;  but  how  this  can  be  is  not  eafy  to  conceive. 

Pl.XLII.  We  have  (hewed  that  a  Rainbow  or  deeply  coloured 

Fig-  3-  Ring  might  have  been  expedfed  at  the  Diftance  of  about 
38  Degrees  from  the  Sun,  and  alfa  why  it  cannot  hap- 
pen. 

2.  For  the  fame  Reafon  we  (hould  alfo  not  expect  an 
Halo  to  be  formed  by  the  fame  refrafled  Rays,  viz.  on 
Account  of  their  not  being  refrafted  parallel  to  the  Eye, 
and  confequently  not  entering  it  denfe  enough  to  render 
that  Part  of  the  Heavens  more  luminous  than  the  reft, 
or  to  produce  the  lucid  Ring  we  call  by  this  Name. 
Again,  Sir  Ifaac  fays,  it  ought  to  appear  Jlrongeft  at  the 
Diftance  of  about  26  Degrees  from  the  Sun  ( viz  when 
the  An»le  I  M  G=  26°)  and  to  decay  gradually  both  ways. 
But  though  our  Author  did  not  undoubtedly  aflert  any 
Thing  without  very  great  Reafon,  yet  this  does  not  ap¬ 
pear  to  us. 

3.  For  that  the  Angle  1  M  G  may  be  26  Degrees, 
the  Angle  of  Incidence  BCN  muft  be  about  46,  and 
then  the  Angle  of  Refraction  C  N  F  will  be  near  33 
Decrees  but  why  fuch  an  Incidence  and  Refradlion 
(hould  caufe  the  Rays  to  be  refracted  in  greater  Plenty 
to  the  Eye  than  any  other,  does  not  appear  to  me,  nor 
can  I  find  it  by  any  LNperiment.  On  the  contrary,  as 
the  Angle  IMG  increafes  with  the  Angle  of  Incidence, 
and  confequently  with  the  Angle  of  Refraction,  it  is 
evident  that  with  refpecl  to  heterogeneal  Light,  the 
greater  the  Angle  I  M  G  is,  the  more  will  it  be  refradled 
and  fcattered  ;  and  confequently,  the  farther  the  Drops 
are  fituate  from  the  Sun,  the  lefs  denfe  will  be  the  Light 
tranfmitted  by  Refratf  ion  to  the  Eye,  which  therefore 
ought  to  decreafe  as  the  Diftance  from  the  Sun  increafes. 

4.  As  Sir  Ifaac  Newton  has  Paid  but  little,  fo  his  Ex- 
pofitors,  D.  Pemberton  and  Dr.  s’ Grave  far,  de,  have 
thought  fit  to  be  abfolutely  filent  on  this  Head.  Mr. 
Hugcns  has  advanced  an  Hypothefis  by  which  the  Phce- 
nomenon  may  be  folved,  if  we  grant  him  all  his  Peti¬ 
tions.  And  fince  none  of  our  great  Philofophers,  not 
even  Sir  Ifaac  himfelf,  have  undertook  to  difprove  it. 
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but  on  the  contrary  feem  rather  to  approve  of  it,  as 
Sir  IJaac  in  his  Optics ,  and  Dr.  Smith ,  in  his  has 
adopted  the  fame  entirely  ;  I  think  upon  thefe  Accounts, 
and  confidering  the  Chara&er  of  the  great  Author,  the 
Reader  will  be  pleafed  to  have  the  fame  in  a  very  con- 
cife  Manner  reprefented  to  him. 

5.  His  Pojiulatum  is,  That  there  are  certain  Globules 
in  the  AtmoJpbere  conft/ling  of  a  Coat  or  Shell  of  tranfparent 
Ice  or  Water ,  containing  an  opake  Nucleus  or  Kernel  with¬ 
in ;  and  that  thefe  are  made  from  Particles  of  Snow, 

(which  is  in  itlelf  opake)  attracting  the  aqueous  Par¬ 
ticles  in  the  Vapour  or  Exhalation  by  which  it  is  fuf-  * 
tained,  which  gathering  together  form  the  pellucid  Shell 

of  Water,  or  are  frozen  into  a  cryftalline  Shell  of  Ice; 
and  this  he  thinks  is  proved  to  be  Matter  of  Fa£t  by  the 
Hail-ftones  which  fall  to  the  Eearth,  for  thefe  (fays  he) 
when  broken  do  difcover  fome  Snow  at  the  Centre. 

6.  Thefe  Things  premifed,  he  addreiTes  himfelf  to 
the  Solution  as  follows:  Let  A B  C D  reprefent  fuch  a 
Globule,  with  the  opake  Nucleus  E  F  in  the  Middle  of 

it ;  and  let  us  fuppofe  the  Rays  coming  from,  G,  H,  to  i^kiV. 
fall  on  the  Side  A  D.  It  is  manifeft  they  will  be  re-  Fig-  4- 
fracted  inwards  from  the  Surface  AD;  from  whence  it 
follows,  that  a  great  Number  of  them  mull  ftrike  upon 
the  Kernel  E  F. 

7.  Let  G  A  and  H  D  be  the  Rays  which  after  Re¬ 
fraction  touch  the  Sides  of  the  Kernel  E  F,  and  let 
them  be  refraCted  again  at  B  and  C,  emerging  in  the 
Lines  B  K,  C  K,  eroding  each  other  in  the  Point  K, 
whole  Diftance  from  the  Globule  is  fomewhat  lefs  than 
its  Semidiameter. 

8.  Wherefore,  If  BK  and  D  K  be  produced  towards 
M  and  L,  it  follows,  that  no  Light  coming  from  the 
Sun  through  the  Globule  can  proceed  to  the  Eye  any 
where  placed  within  the  Angle  L  K  M,  or  rather  in  the 
Cone  which  that  reprefents,  fuppoling  that  the  Obli¬ 
quity  of  the  incident  Rays  H  D  and  G  A  is  fuch  as 
Ihall  make  the  Arch  QC  and  Q_B  the  greateft  polfible; 

(fee  the  laft  Note,  Art.  5.)  for  then  all  the  Rays  exte¬ 
rior  to  H  D,  G  A,  will  be  refracted  nearer  to  Q,  and 
after  Emergence  crofs  each  other  in  a  Point  k  nearer  the 
Globule  than  the  former,  and  therefore  cannot  come  at 
the  Eye  placed  within  the  laid  Cone  L  K  M. 
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9.  Suppofe  now  the  Eye  placed  at  N  ;  and  let  N  R, 
N  Q_,  be  drawn  parallel  to  L  K  and  M  K  ;  then  ’tis 
plain,  none  of  the  Globules  (the  fame  as  ABCD) 
within  the  Cone  RNQ_can  come  to  the  Eye  at  N. 
Thus  the  Globules  at  O  and  P  have  their  refradted 
Rays  akd  and  ckd  including  the  Eye  in  the  Cone  of 
Obfcurity  :  But  other  Globules,  which  lie  without  the 
Cone  Q_N  R,  as  S  and  T,  do  not  involve  the  Eye  N 
by  the  fhady  Clones  Ike  and f  km  ;  and  therefore  fome 
of  thofe  Rays,  which  are  more  refracted  than  k  e  or  kf, 
will  fall  upon  the  Eye,  and  produce  a  luminous  circular 
Ring  or  Corona,  including  a  dark  Area  within,  and 
whofe  Light  outwardly  decreafes  as  it  is  more  remote 
from  the  Centre. 

10.  Much  after  a  like  Manner  this  great  Man  under¬ 
took  to  account  for  the  Appearances  of  Mock-Suns  and 
Mock- Moons,  called  Parhelia  and  Parafelena  or  Coronee ; 
which  I  fhall  not  here  detain  the  Reader  with,  becaufe  I 
cannot  help  thinking  the  Whole  is  but  too  much  like  a 
mere  (though  ingenious)  Hypothefis  ;  having  never  ob- 
ferved  in  any  Hail-ftones  any  fuch  opake  Kernels,  fo 
regularly  formed,  and  furrounded  by  fuch  regular  Shells 
of  pellucid  Ice  as  is  here  fuppofed.  However  the  Reader 
will  be  agreeably  entertained  by  perufing  Mr.  Hugens's 
learned  DijJ'ertation  on  this  Subject,  printed  at  the  End  of 
his  Dioptrics  in  his  Opufcula  Pojluma. 

N.  B.  I  have  let  the  Account  of  the  Abberration  of 
Light  in  the  fixed  Stars  ftand  here,  both  in  this  and  the 
following  Volume,  as  it  was  in  the  firft  Edition;  tho’ 
the  Methods  of  Reafoning  and  Demonftration  by  which 
it  is  fupported  are  fuch  as  upon  a  more  nice  Examination 
are  by  no  Means  fatisfadlory  to  myl'elf,  at  leaf!:  I  cannot 
reconcile  them  to  the  Notions  I  have  of  the  Nature  of 
Vilion,  the  Laws  of  Optics,  nor  the  Accounts  which 
have  been  given  of  Experiments  made  on  this  Subject  by 
Perfons  of  no  fmall  Character,  who  feem  to  be  as  little 
inclined  to  take  upon  Credit,  the  Truth  of  this  uaiver- 
fally  celebrated  Dodtrine  (vel  jur are  in  Verba )  as  myfelf. 
(See  Annot.  CX1I.  and  CXLV.  Art.  19,  &c.)  The 
Arguments  which  render  this  Difcovery  fufpedted,  I  may 
take  an  Opportunity  one  time  or  other,  to  declare. 

End  of  the  Second  Volume. 
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